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ABSTRACT 
 
 
Decadal-Scale Changes on Coral Reefs  
in Quintana Roo, Mexico 
 
 
by 
 
 
Thaddeus A. Nicholls, Master of Science 
Utah State University, 2008 
 
 
Major Professor: Dr. W. David Liddell 
Department: Geology 
 
 In 1988 data on coral reef community composition were collected from two areas, 
Akumal and Chemuyil, Quintana Roo, Mexico, ranging from 5-35m depth.  These areas 
were revisited in 2005 and data were collected by the same methods and at the same 
depths as in 1988.  Data from 1988 and 2005 were compared to determine if the coral 
reefs had undergone significant changes, and what specific changes had occurred.  Chi-
square analysis determined that community composition data collected in 1988 are 
significantly different from data collected in 2005 at all sites and depths within the 
categories of corals, gorgonians, sponges, and macroalgae.  Mann-Whitney U analyses 
were performed on abundance data for coral, gorgonians, sponges, macroalgae, crustose 
coralline algae, erect coralline algae/calcareous algae, filamentous/multi-species turf  
algae, and non-living substrate.  Results from the Mann-Whitney U analysis varied 
between sites; however significant trends of increasing macroalgae, crustose coralline 
 iv 
algae and filamentous/multi-species turf, and declining non-living substrate were 
observed at almost all sites.  H’ biodiversity indices J’ evenness values and species 
number (S) were calculated for all sites over the two time periods, with no discernable 
trends observed.  Increases in crustose coralline algae and filamentous/multi-species turf 
algae suggest that eutrophication and overfishing may be responsible for the trends 
observed on the reefs at Akumal and Chemuyil. Anecdotal accounts also suggest that 
eutrophication from septic water flowing through the highly porous karst limestone of the 
Yucatan Peninsula may be the largest malefactor causing the observed changes. The 
increase in filamentous/multi-species turf algae exhibited by the data suggests that 
eutrophication is predominantly responsible for the alternate states of the reefs.  
Furthermore, evidences indicative of other forms of stress on the reefs, such as bleaching, 
scraped or broken coral heads, disease, and sedimentation, were rarely observed. 
(95 pages) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 v 
ACKNOWLEDGMENTS 
 
 
 I would especially like to thank Dr. W. David Liddell for his supervision and help 
during the development and progression of this project, and Dr. Carol Dehler and 
professor Nancy Mesner for their input and help.  I would also like to thank my father, 
Dr. Michael L. Nicholls, and my mother, Linda J. Nicholls for their financial and moral 
support.  I also thank Nancy DeRosa for her insight and anecdotal accounts for changes 
on the coral reefs, and the rest of the employees at the Villas DeRosa Resort and Aquatec 
Dive center, Akumal, Quintana Roo, Mexico, for their hospitality and support in data 
collection. 
Thaddeus Nicholls 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 vi 
CONTENTS 
 
                                                                                                                                        Page 
ABSTRACT ....................................................................................................................... iii 
ACKNOWLEDGMENTS ...................................................................................................v 
LIST OF TABLES ........................................................................................................... viii 
LIST OF FIGURES ........................................................................................................... ix 
CHAPTER 
I INTRODUCTION.......................................................................................1  
II ANTHROPOGENIC INFLUENCES ON CORAL REEFS........................4 
   
  Sedimentation ..................................................................................4 
  Sewage .............................................................................................7 
   Overfishing ....................................................................................10 
   Disease ...........................................................................................13 
   Global Warming.............................................................................15 
           
III STUDY AREA AND PREVIOUS WORK ...............................................18 
 
IV MATERIALS AND METHODS ...............................................................24 
V RESULTS ..................................................................................................31 
 
Akumal ...........................................................................................31 
    
                                    5m ......................................................................................31           
                                    12m ....................................................................................34   
    20m ....................................................................................36 
    25m ....................................................................................37 
    30m ....................................................................................39 
      
Chemuyil ........................................................................................40 
  
    5m  .....................................................................................40 
    12m ....................................................................................41 
    15m ....................................................................................43 
    35m ....................................................................................45 
  
 vii 
VI DISCUSSION ............................................................................................48 
VII CONCLUSIONS........................................................................................57 
REFERENCES ......................................................................................................58 
APPENDICES .......................................................................................................63 
 viii 
LIST OF TABLES 
 
Table                                                                                                                              Page                                  
 
1 Confidence Levels 1…………………………………………………………………29 
 
2 Confidence Levels 2………………………………………………………………....29 
 
3 Medians and MWU: Akumal………………………………………………………..32 
 
4 Medians and MWU: Chemuyil…………………………………………………........33 
 
5 Mean Percent Cover………………………………………………………………....34 
 
6 Coral Diversity Indices………………………………………………………………46 
 
7 Macroalgae Diversity Indices………………………………………………………..47 
 
 
 ix 
 LIST OF FIGURES 
 
Figure                                                                                                                             Page  
 
1 Study Area…………………………………………………………………………..2 
 
2 Benthic Cross-section and Dive Depths………………………………………….....22 
 
3 Data Slide 1…………………………………………………………………………25 
 
4 Data Slide 2…………………………………………………………………………25 
 
5 Data Slide 3…………………………………………………………………………26 
 
6 Data Slide 4…………………………………………………………………………27 
 
7 Data Collection Methodology………………………………………………………28 
 
8 Relative Frequency 1……………………………………………………………….35 
 
9 Relative Frequency 2……………………………………………………………….36 
 
10 Relative Frequency 3……………………………………………………………….37 
 
11 Relative Frequency 4……………………………………………………………….38 
 
12 Relative Frequency 5……………………………………………………………….39 
 
13 Relative Frequency 6……………………………………………………………….41 
 
14 Relative Frequency 7……………………………………………………………….42 
 
15 Relative Frequency 8……………………………………………………………….43 
 
16 Relative Frequency 9……………………………………………………………….44 
 
17 Data Slide 5…………………………………………………………………………50 
 
18 The Relative Dominance Model……………………………………………………52    
 
  
1  
CHAPTER I 
INTRODUCTION 
 
 
 Of the world’s current population of approximately 7 billion people, over 3 billion 
live in coastal areas (Hinrichsen 2000).  Approximately half of the Earth’s coastal areas 
are in the tropics, and one third of the tropical coastlines consist of coral reefs.  Reefs are 
one of the oldest and most biologically diverse ecosystems on Earth, and provide 
valuable resources to those who utilize them.  Reefs serve as food sources for native 
peoples, protect shores against wave action, and provide income through tourism and 
exported goods (Birkeland 1997).  However, with our world’s population expected to 
more than double over the next 50 years, and with the largest increases expected to occur 
in developing countries, coral reefs are in great danger.  It is estimated that live coral 
cover has decreased by 80 % over the past three decades—greater than the loss of 
tropical rainforests over the same time period (Aston 2003).  Thirty percent of Earth’s 
coral reefs are dead or severely damaged, and that trauma to reefs over the past three 
decades has been more severe than in the previous 220,000 years (Marks 2006).  
Anthropogenic problems such as sedimentation, pollution, sewage, and overfishing are 
the biggest challenges facing coral reefs today.  Rises in sea level and sea surface 
temperatures (Glynn 1991), hurricanes (Liddell and Ohlhorst 1986, 1992; Gardner et al. 
2005), and the potential dissolution of oceanic calcium carbonate due to the increase of 
carbon dioxide accompanying global warming (Parks 2005; Hoegh-Goldberg et al. 2007), 
also pose threats to coral reefs worldwide. 
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 The east coast of Quintana Roo, Mexico is bordered by the barrier-fringing reefs 
of the Mesoamerican Barrier Reef system.  Spanning over 1126km from the tip of the 
Yucatan Peninsula south to the Bay Islands off the Honduran coast, this reef system is the 
largest in the Atlantic Ocean, and the second largest in the world. The Caribbean coast of 
Quintana Roo was covered by semi-humid tropical rainforest until 1970, when coastal 
development, including road and resort construction, broke ground.  Sixty percent of this 
area had been cleared by 1988 for the “megaproject” known as the “Cancun-Tulum 
Touristic Corridor,” or “Mayan Riviera” (Martinez-Qsegueda et al. 1993).    This area 
was chosen for study due to its accessibility, and the ability to perform comparative 
analyses with data from previous research performed on the reefs in this area in 1988. 
  
Study Area 
 
Fig. 1  Map of the Yucatan Peninsula and Quintana Roo.  Inset map shows location of 
Akumal and Chemuyil. Modified from Novak (1992). 
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 The goal of this study is to determine how the community structure of the coral 
reefs at Akumal and Chemuyil, Quintana Roo, Mexico has changed over the period of 
time from 1988 to 2005.  Akumal and Chemuyil are small resort towns located about 
105km south of Cancun (Fig 1).  It is hypothesized that the benthic community in these 
areas has experienced significant changes.  Changes in the reef community may be due to 
several external influences.  Possible influences prompting changes on the reefs at 
Akumal and Chemuyil are discussed in Chapter II. 
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CHAPTER II 
 
ANTHROPOGENIC INFLUENCES  
 
ON CORAL REEFS 
 
 
Sedimentation 
 
 One of the most chronic anthropogenic problems on coral reefs today is 
terrigenous sedimentation.  Although sediment is added to reefs through natural 
processes, man’s activities can raise the deposited amount to detrimental levels.  
Amesbury (1981) states that “accelerated sedimentation due to bad land management and 
dredging is probably responsible for more damage to reef communities than all other 
forms of human insult combined.”  While the validity of this statement is debatable, 
sedimentation on coral reefs has become a prominent problem in developing countries 
(Brown 1997).  For example, Bellwood et al. (2004) state that “inputs of sediment… have 
increased fourfold since European settlement.” This is typically due to increased land 
erosion, dredging, and engineering projects along the coasts (Brown 1997).  Sediment in 
the water column and on the surface of scleractinian, or reef-building corals reduces the 
quality and quantity of available light, resulting in decreased coral nutrition, growth, 
reproduction, depth distribution, and larval recruitment.  Large amounts of sediment may 
result in complete burial and mortality of corals as well (Richmond 1993).   
 Marszalek (1981) performed a study on dredging impacts on a reef community off 
the coast of Miami, Florida.  A large-scale dredging project took place between two 
parallel linear reefs in which 11 million cubic meters of sand were removed for a beach 
nourishment and hurricane surge protection project.  The dredging released a sediment 
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plume, which covered much of the reef with approximately 1 cm of coarse sand and silt.  
The site was monitored for several months, and observations showed that some of the 
organisms were more tolerant of the siltation than others.  Before the dredging, the reef 
was characterized by gorgonians, scleractinian corals, and reef fishes.  The gorgonians 
appeared to be the least affected by the sedimentation due to their waving action in the 
currents (Marszalek 1981).  Sponges that were completely covered secreted a large 
amount of mucous that sloughed the silt off, and no permanent damage was reported for 
any of the sponges.  Scleractinian corals exhibited a loss of zooxanthellae when 
inundated with sediment, but appeared to recover apart from the light spots where the 
bleaching, the release of the corals’ symbiotic algae, had occurred (Marszalek 1981).   
 A rise in turbidity was documented for a few months during dredging.  Turbidity 
decreases the intensity of the light penetrating the water, therefore affecting the 
productivity and health of the corals.  The reef was divided into transects and the 
percentage of corals exhibiting stress (e.g., loss of color, polyp death, and excessive 
mucous secretion) were recorded per transect (Marszalek 1981).  Percentage of stressed 
corals ranged from as low as 3% to as high as 32.4%.  The average percentage of stressed 
corals on all transects was 9.7%.  It was noted, however, that these corals were existing at 
their northernmost range, possibly exacerbating the effect of the sediment.  This was 
evident by decreased coral population, lesser size, and the abrupt decrease of corals north 
of the study area (Marszalek 1981). 
 Chansang et al. (1981) performed a study on the effect of mining sediment on 
corals in Thailand. This study involved four reefs off the coast of Phuket Island, adjacent 
to tin mines and dredges.  Canals dumped mine tailings into the Bang Tao Bay, with a 
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concentration of canals and outlets in the northern part of the bay.  The tailings and 
sediment were dumped into the bay for over 70 years and caused dramatic changes. So 
much sediment was dumped into the bay, in fact, that a land bridge formed between the 
former island of Kala and the mainland.  These changes prompted the ceasing of 
dumping tailings into the bay, and only a few of the mines were still active as of 1981.  
Later dredging in the bay had caused a sediment plume that covered much of the reef 
with an average of 2.7cm of sediment.  Transparency measurements showed that the 
North Bang Tao reef had the largest amount of suspended sediment (visibility <20%), 
which was the highest of all the reefs studied.  Quadrats taken on the North Bang Tao 
reef (closest to the high sediment deposition) showed a dramatically higher percentage of 
dead coral than living tissue in all areas studied—the reef crest, the upper and lower fore 
reef slope, and the deep fore reef.  Tourism and fishing were also noted to have done 
some damage to the reef, which would also affect the impact of the sediment on the 
corals and vice versa (Chansang et al. 1981).   
 These examples illustrate the effects of sedimentation primarily on scleractininan 
corals, though sedimentation affects other reef organisms as well.  Amesbury (1981) 
discussed the effects of sedimentation on reef fishes in the Eastern Caroline Islands.  
Airport runway construction was taking place along the coast of the island of Truk in 
Micronesia.  Eleven biological monitoring stations were set up at coral mounds.  
Turbidity measurements were taken before construction started and were then monitored 
monthly after construction started.  Average turbidity increased at all the sites after the 
construction started, some more than the others.  One site was completely inundated with 
sediment and exhibited a decrease in species diversity to 0.  Two other sites were 
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partially covered with large rocks and gravel and species diversity dropped 50%.  None 
of the other sites demonstrated significant decreases in diversity (Amesbury 1981).   
 Although sedimentation is detrimental to reefs overall, specific types of corals are 
more tolerant to sedimentation than others.  Endean (1976) noted that corals possessing 
larger polyps, such as Mussa or Eusmilia, are more adept to removing sediment from 
themselves than are species such as Porites, which has very small polyps.  Location on 
the reef is also a factor in sedimentation.  For example, a reef site on the edge of a steep 
slope is likely to retain less sediment than an area on the reef flat (Endean 1976).  The 
type of sediment involved is also a factor in the reef’s ability to survive burial.  Larger 
grained sediment tends to be less harmful to corals as opposed to fine-grained sediment, 
due to the corals ability to remove larger grains easily.  However, each species is only 
tolerant to a certain level.  If these levels are exceeded, the corals will likely die (Endean 
1976).   
 
Sewage 
 
 Sewage is also a large problem in the tropics.  Developing countries typically 
have poor sewage treatment plans, and much of the sewage is processed through 
inappropriately designed septic systems or flushed directly into the ocean without 
undergoing sufficient treatment.  Problems associated with sewage may be exacerbated 
by rapidly expanding tourism facilities.  The impact of sewage on coral reefs is 
dependent upon several factors such as volume of sewage, amount of toxins, and the 
amount of treatment the sewage has undergone (Richmond 1993).   
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 Wilkinson (1986) performed a study comparing sponge densities to the amount of 
sewage pollution in the water, and adopted the theory that high sponge densities indicated 
increased amount of sewage in the water column, as the resultant bacteria provide food 
for sponges to filter out of the water column.  Three, 40 square-meter transects at 20m 
depth were studied on the Great Barrier Reef, Australia for sponge biomass. Transects of 
coral reefs displaced from major land influences or exposed to strong oceanic currents 
exhibited normal sponge biomass, while reefs adjacent to tourist areas showed high 
sponge biomass indicating ecological imbalance.  Wilkinson (1986) stated that these 
trends had been observed in previous studies on the Great Barrier Reef, and also in the 
Caribbean.   
 In Barbados, untreated sewage was dumped directly into the ocean off its West 
coast (Wilkinson 1986).  Sponge biomass in this area was almost 7 times greater than 
earlier recorded. The sewage in the water column reportedly reduced light penetration 
due to associated sediment loading and increased organic nutrients resulting in 
significantly decreased coral health.  Nutrient loading also increased the number of 
bioeroding organisms, which could “destroy reef framework.”  Wilkinson (1986) 
concludes that the only way to reverse the effects that sewage has on coral reefs is to 
restrict discharge to well-treated sewage.  
 Pastorok and Bilyard (1985) performed a study on the effects of sewage 
enrichment on the coral reef community in Kaneohe Bay, Hawaii.  Large amounts of 
sewage were discharged into the bay for approximately 30 years.  From 1950 to 1963, the 
effluent received primary treatment before dumping, and from 1963 to 1977 the sewage 
received secondary treatment.  Soon after, sewage was diverged to a different outlet.  Due 
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to increased nutrients in the water from sewage discharge, primary production by 
phytoplankton and macroalgae skyrocketed and light transparency was reduced.  This in 
turn decreased coral densities, diversity, and total calcification rates.  Algae biomass 
increased, and the algae outcompeted the corals for space and light.  Soon the area was 
inundated with bryozoans, tunicates, sponges, and other filter feeders.  Further along in 
the experiment, corals were transplanted into the bay where sewage was being discharged 
at various distances from the outlet.  It was shown that the survival time of the corals was 
directly related to their distance from the source.  A change in reef fish diversity was also 
observed in areas of the bay.  Areas once dominated by piscivorous fish were dominated 
by planktivores.  In the area most affected by the sewage, 6 fish species were found in 
contrast to the 43 species found in another area in the same bay (Pastorok and Bilyard 
1985). 
 A eutrophication study was performed by Costa et al. (2000) on the reefs of 
Bahia, Brazil.  A rapid increase in human population in this area has happened over the 
last 15 years, and with it, septic tanks have also proliferated.  Many of these tanks leak 
sewage into the ground water and, because of the sandy soil’s high permeability and 
“accented hydraulic head,” it is easily transported to the ocean.  The source of the 
contamination was revealed when fecal coliform bacteria were discovered in the water 
around the reefs and in adjacent rivers and lakes.  This study evaluated the effects of the 
contaminated groundwater seepage and resultant eutrophication on the coral reefs.  Two 
reefs were chosen for the study: one that experienced little human development (Papa 
Gente), and another, which was adjacent to an urbanized area (Guarajuba).  Average 
bacteria, nutrient, silicate, ammonia, nitrate, and phosphorous levels were taken at each 
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site.  Wells were also drilled at the sites to measure groundwater concentrations.  Fecal 
coliform bacteria were found in much greater abundance at Guarajuba than at Papa 
Gente.  Nutrient levels were also very different from site to site, Guarajuba contained 
levels many times greater than Papa Gente.  Silica concentration was greater overall at 
Guarajuba, due to discharge of sediment from the mainland.  Higher salinity 
accompanying high silica concentrations indicated that Guarajuba was experiencing a 
large amount of terrestrial sediments and nutrients.  Phosphorous levels at Guarajuba 
were about three times higher than Papa Gente.  Ammonia concentrations were ten times 
higher in Guarajuba than Papa Gente, and nitrate concentrations followed the same 
trends.  Algae were the main ecosystem constituent in Guarajuba, covering 77% of the 
bottom.  Algae cover in Papa Gente was 41 % (Costa et al. 2000).  These differences can 
most likely be explained by varying nutrient concentrations.  Some seasonal variations in 
concentration of nutrients were observed, but mean overall values still exhibited the same 
trend (Costa et al. 2000).   
 
Overfishing 
 Coral reefs are one of the most biologically diverse and productive habitats in the 
world.  Of the relatively tiny space that is covered by coral reefs on Earth, coral reef 
fisheries yield an estimated 9 million tons per year (Birkeland 1997).  Because of this, 
many developing countries rely on reef fisheries for economic stability and as a source of 
food.  However, as abundant as coral reefs and reef fish may seem, they are ecologically 
sensitive and can be overexploited if fished intensely.  Overfishing causes changes such 
as smaller fish sizes, loss of predatory species, increases in sea urchin populations, and a 
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decrease in diversity.  The effects are directly related to the intensity of the fishing, but 
changes can be observed at all levels of fishing. 
 Jennings and Polunin (1997) summarized the direct and indirect effects of fishing 
on coral reef ecosystems, and also discussed the different fishing methods used.  Direct 
impacts on corals include breaking of corals from netting and trapping techniques, and 
using explosives and chemicals to gather stock.  Oftentimes nets become entangled with 
branches of corals and weights from gill nets break corals.  Traps and cages are often set 
on top of coral mounds or dragged across coral as they are pulled up.  Fishing has indirect 
effects on coral reefs as well.  Reduction in the abundance of primary predators is 
regarded as the first major indicator of overfishing.  As fish are taken repeatedly over 
time, the composition of catches will change.  Fishing in a pristine area will initially yield 
a large number of primary predators, favored for catch and sale.  Over time the number of 
target fish will decrease and fish from lower trophic levels will become more abundant. 
For example, in Jamaica, reefs that used to produce large numbers of grunts and 
surgeonfish now generate catches of squirrelfish and soldier fish.  Sea urchin levels are 
higher in areas of heavy fishing, as urchins take over as the major herbivores in absence 
of herbivorous fish.  Fish that eat sea urchins are typically target fish for fishermen.  As 
fishing continues and urchin-eating fish are repeatedly removed from the water, urchin 
populations may grow quickly without any control on their numbers. While sea urchins 
are effective herbivores, they are also efficient bioeroders, and large numbers of them 
have the possibility of eroding the reef framework (Jennings and Polunin 1997).   
 Hughes (1994) conducted a study at a Jamaican coral reef addressing the issue of 
overfishing.  Jamaica is experiencing exponential growth trends, as are many other 
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tropical developing countries.  By the late 1960’s fish biomass decreased by 80% 
compared to previous decades.  The number of fishing boats increased two or three times 
to 3.5 boats per square kilometer, and catch sizes decreased by half.  Populations of large 
predatory fish such as sharks, jacks, and triggerfish were depleted.  The remaining fish 
consisted of planktivores, which are so small that none of the species collected or 
observed in this study were of reproductive size.  The sea urchin Diadema antillarum 
exhibited large population increases due to the overfishing of their predators, such as 
toadfish, porgies, and ballastids.  The reef eventually became 90% covered by fleshy 
macroalgae due to the overfishing followed by a very large die off of Diadema in 1983 
(Hughes 1994).   
 T.R. McClanahan (1987) conducted a study on overfishing in East Africa. He 
observed that the structure of reef fauna differed due to the location and isolation of the 
reefs with respect to human access for fishing or recreation.  He studied two reefs in 
Kenya, one off the coast of Diani, and another at Malindi marine National Park.  Diani 
has the most developed tourist beach, and is fished heavily while Malindi is a protected 
area and had not been exposed to fishing for over a decade.  The reefs at Diani had 
intermediate sized fish, and the urchin species richness had increased five times.  Diani 
contained the largest urchin population density of all Kenyan reefs.  The Malindi reefs 
demonstrated high species diversity and fish densities were an order of magnitude higher 
than those at Diani.  McClanahan (1987) also stated that similar trends have been 
observed in the Caribbean. 
 In a review of fishing pressure on coral reef diversity, Hughes (1994) concluded 
that coral reef fisheries are needed for the livelihood of the people living in the tropical 
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coastal waters, something must be done before all the reef fisheries are exploited to the 
point where the ecosystems are destroyed.  A yield or catch limit should be employed in 
order to keep reef ecosystems healthy and functional and to avoid exhausting reef 
resources.  Furthermore, the implementation of marine protected areas may also aid in 
maintaining fish populations on coral reefs.  
 
Disease 
 
 Although coral reef diseases may not be solely of anthropogenic nature, the 
susceptibility of a reef to disease is linked to environmental stressors that may be induced 
or exacerbated by human activity.  Changes in coral reef ecosystems such as increases in 
light intensity, increased solar radiation, high turbidity and sediment loading resulting in 
reduced light levels, and salinity changes have been observed in conjunction with coral 
reef diseases, and are changes that can be induced by man. 
 Coral reef diseases are an aspect of coral reefs that have recently received much 
attention. It is believed that the source of many of the diseases that attack corals is dust 
from the Saharan desert, which carries numerous types of fungi and bacteria across the 
Atlantic Ocean to the Caribbean (Garrison et al. 2003).  Black band disease, or BBD, was 
first observed in Bermuda and Belize in the 1970’s (Peters 1997).  A black line a few 
millimeters thick made of filamentous cyanobacteria characterizes BBD. These filaments 
contain other reducing and oxidizing bacteria that create an anoxic environment around 
coral tissues adjacent to the band.  The coral tissue dies and the organic nutrients from the 
decaying cells are used as food by the bacteria.  The band moves across the coral a few 
millimeters per day, leaving the bare carbonate skeleton as a substrate for filamentous 
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algal growth.  Not all corals can be infected by BBD; some resist infection.  Corals such 
as massive brain corals like Diploria and star corals like Montastrea are particularly 
succeptible to BBD, but acroporid corals and pillar corals resist natural infection (Peters 
1997). 
 While acroporid corals resist diseases like BBD, they are susceptible to other 
diseases.  In the mid-1970’s, acroporid corals were observed to have sloughed tissue at 
the base of their branches.  This formed a white band, which slowly traveled from the 
base towards the tips of the branches (Peters 1997).  Unlike BBD, white band disease, or 
WBD, had no observed microorganism responsible for the sloughing of tissue.  The 
etiology of WBD still has not been determined, while some researchers speculate about 
bacterial assemblages in areas where WBD has damaged corals (Peters 1997).   
 Corals also battle a number of protozoans, some of them parasites. These parasites 
can cause polyp swelling, making it easy for coral predators to eat the tissue. Bleaching 
and necrosis (death of most or all of coral tissues) were observed to accompany some 
parasites, along with drastic changes in calcification rates (Peters 1997).   
 Growth anomalies on corals have been reported worldwide (Kaczmarsky and 
Richardson 2007).  Often referred to as “tumors,” “neoplasia,” or “hyperplasia.” Growth 
anomalies start as an initial protuberance or swelling of an area on a coral head.  The 
tissues surrounding the swollen area appear to outgrow the protuberance and continue to 
spread (Kaczmarsky and Richardson 2007).  The rapidly growing tissues typically have 
fewer polyps and a higher frequency of necrosis, but otherwise appear to be normal coral 
tissue (Work et al. 2008).  Some cases show that this uncontrolled growth may continue 
until it affects the entire colony, resulting in coral mortality (Kaczmarsky and Richardson 
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2007).  Other types of coral “tumors” have been reported, though the etiology of these 
abnormalities is not truly a coral “cancer” or disease.  The Caribbean coral Acropora 
palmata has exhibited abnormal skeletal growth of pure aragonite “neoplasia” (Bak  
1983).  These growths are initiated by the formation of a lesion on the coral surface.  The 
coral tissue traps foreign materials under the regenerating surface, forming a lump that 
can become a permanent feature on the coral’s surface (Bak 1983). 
 
Global Warming 
 While the topics of temperature and sea-level rise could be discussed separately, 
they will be discussed together because of their implication of global warming.  It is 
theorized that sea-level temperatures will rise due to more solar radiation being captured 
in the Earth’s atmosphere, and sea levels will rise due to ice melting and thermal 
expansion (Houghton 1997).  Global temperatures are expected to rise by at least 2° C by 
the year 2050 (Hoegh-Guldberg et al. 2007), and atmospheric carbon dioxide is expected 
to exceed 500 parts per million within the same time period (Parks 2005).   
Coral bleaching occurs when coral polyps lose the symbiotic photosynthetic 
zooxanthellae found within their tissues.  Zooxanthellae are very important to the corals. 
They provide as much as 63% of the nutrients (e.g. silica, phosphorous, and nitrogen) 
used by the corals, and also assist in calcification of the coral skeleton (Glynn 1991).  
Bleaching is a common occurrence in reef ecosysems, and is typically observed in 
shallow, nearshore waters (Hayes 1991).  Bleaching occurs over a few weeks after a 
temperature rise, and may be sustained for months after a cooling event.  It has been 
linked to warmer sea temperatures during ENSO (El Nino Southern Oscillation) events 
  
16  
(Hayes 1991, Atwood et al. 1992, and Glynn 1993).  There is now evidence that stress on 
coral reefs arises from “abnormally high” (Atwood et al. 1992) seasonal sea surface 
temperatures.  Many of the cases supporting global warming implications contain faulty 
uses of satellite data and are contradicted by other sets of data from the same time periods 
(Atwood et al. 1992).  Bleaching is a non-specific response to stress, meaning that it has 
been observed as a response to a number of environmental and anthropogenic pressures 
other than temperature, such as Saharan dust (Garrison et al. 2003), excess ultraviolet 
exposure, cyanide poisoning, heavy metal pollution (Baohua et al. 2004), bacteria 
(Davidson 2005), exposure during low tides, lowered salinity, and hurricane waves 
(Williams and Williams 1988).  However, warmer sea-surface temperature is the leading 
theoretical idea behind coral bleaching (Hayes 1991).  Hayes (1991) measured water 
temperatures around coral reefs over a ten-year period and recorded the bleaching events.  
The temperature data were compared to remote sensing data from a satellite, and the data 
were shown to be accurate.  It is important to note that the bleaching events corresponded 
to seasonally- and monthly-warmer temperatures, and that warm temperatures were the 
only stressor observed on the reef.  This study showed a direct correlation between sea-
surface temperatures and coral reef bleaching. 
 Sea level rise is also a concern associated with global warming.  Recent estimates 
(Spencer 1995) for predicted sea-level rise are a rise of 130mm by the year 2030, 320mm 
by 2070, and 480mm by 2100.  These levels are four to five times higher than recorded 
sea level rises in recent decades (Spencer 1995).  Coral islands and lowland areas that are 
within a few meters of sea-level are the most vulnerable to sea-level rise.  The concern 
for the coral reefs lies in the rate at which coral accrete compared with the rate of sea-
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level rise.  If the corals cannot grow fast enough to keep up with the rising sea level, the 
reduction in light may be sufficient to kill the coral ecosystem.  While accretion rates for 
a few rapid growing coral species (e.g. Acropora) match even the highest estimates of 
sea-level rise (10-12mm a-1), these estimates do not account for the entire reef framework 
and the processes that go on in the reef, such as the role of other reef-building organisms 
like crustose coralline algae, and destructive reef processes like bioerosion.  Corrections 
have been made to accommodate these factors, but they are said to be quite problematic 
due to the complexity of the coral reef ecosystem (Spencer 1995). 
 Approximately 25% of anthropogenic CO2 gets absorbed into the ocean (Hoegh-
Guldberg et al. 2007). CO2 reacts with ocean water and forms carbonic acid. Carbonic 
acid reduces the availability of calcium carbonate to organisms by dissociating and 
forming bicarbonate ions and protons, which offsets the equlibrium between bicarbonate 
and carbonic acid (Hoegh-Guldberg et al. 2007).  This reduction of carbonate ion 
concentrations in ocean water has the potential to decrease the rate of calcification of 
reef-building corals and other organisms that build shells or skeletons of CaCO3.  Studies 
have shown that atmospheric CO2 concentrations of ~560 parts per million as predicted 
by 2050 to 2100, would reduce coral skeleton growth by as much as 40% (Hoegh-
Guldberg et al. 2007).  At 600 parts per million, ocean acidity will be high enough to 
dissolve coral skeletons, shells, and other calcified materials (Parks 2005). 
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CHAPTER III 
STUDY AREA AND PREVIOUS WORK 
 
 
 The Yucatan Platform is a large eolianite limestone platform with a well 
developed karst system.  Fluctuations in sea level during the Cretaceous covered this area 
with warm shallow ocean, which  deposited over 1300m of limestone strata in the 
Cretaceous, and another 1000m of pure carbonate sediment in the Tertiary (Ward and 
Weidie 1978).  Uplift of the platform began in the Oligocene and continued until the 
Pleistocene.  Atmospheric carbon dioxide produced a slight acidity to rainfall in this area, 
which currently receives over 150cm of rainfall per year (Ward and Weidie 1978; Ward 
1985).  The Tertiary caliche allowed absorption of tannic acids by rain water, which 
easily percolated through the porous substrate to the shallow freshwater water table 
(Ward and Weidie 1978).  This dissolution of parent limestone has been forming caves in 
the parent limestone since the initial uplift in the Oligocene.  Development of the karst 
system of the Yucatan was accelerated through sea level fluctuations from the Sangamon 
interglacial through the Wisconsin post-glacial periods.  The water in the Yucatan karst 
system is connected to the oceanic water column, and is affected by sea level changes, 
including tides.  Active glaciation lowered sea level (125m below present level), resulting 
in the drop of salt water levels and overlying freshwater in the caves.  This drop in water 
table levels led to the collapse of many unsupported cave ceilings, forming cenotes, or 
sink holes.  The flow of the rainwater through the caves widened their passages, and 
formed new passages into deeper limestone strata to ~100m (Ward and Weidie 1978).   
At approximately 18,000 ka, the end of the Wisconsin glaciation initiated a slow rise in 
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sea level.  As sea level rose, so did the fresh water overlying the salt water in the karst 
system, eventually filling the sub-terranian caverns to their current levels (Weidie 1985). 
 The coast of Quintana Roo, Mexico is bordered by coral reefs.  These reefs are 
part of the Mesoamerican Barrier Reef System spanning over 1126 km from the tip of the 
Yucatan Peninsula south to the Bay Islands off the Honduran coast, and are the second 
largest congregation of reefs in the world.  The reefs on the coast of Quintana Roo are 
classified as barrier-fringing reefs, which form four main zones:  the rear zone, lagoon 
zone, the breaker zone (divided into Acropora-Millepora subzone and barren subzone), 
and the fore reef zone (Fig. 2) (Jordan et al. 1981).   
 The rear zone is characterized by a large amount of sediment around coral heads, 
but loose sediment is stabilized in the lagoon by the vascular plant, Thalassia.  The rear 
zone exhibits the greatest amount of coral cover, and is dominated by Acropora palmata, 
with a high abundance of Montastrea annularis, Porites porites, and various species of 
Agaricia.  This zone is also typified by a high total number of individual organisms with 
low species diversity, and favorable conditions for coral growth (Jordan et al. 1981). 
 The breaker zone is divided into two subzones: the shallower Acropora-Millepora 
subzone and the deeper barren subzone.  The Acropora-Millepora subzone has a 
relatively high coverage of living corals, but exhibits a relatively low number of species.  
The dominant coral in this zone is Acropora palmata, and it is associated with the 
hydrozoan, Millepora complanata.  Other corals present in the Acropora-Millepora 
subzone are typically small, flat, and solid colonies, and small gorgonians are relatively 
abundant.  The barren subzone is slightly deeper and more seaward than the Acropora-
Millepora subzone.  This subzone is essentially devoid of scleractinian corals and 
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gorgonians, except for occasional small colonies of Diploria and Siderastrea occurring in 
fissures and crevices.  Some phaeophytes like Turbinaria and Sargassum occur.  Energy 
from waves is dissipated primarily on the low slope of the fore reef, however the barren 
subzone is typically where waves crash, especially during storms.  This dissipation of 
wave energy contributes to the protection and the abundance of A. palmata and M. 
complanata in the Acropora-Millepora subzone (Jordan et al. 1981). 
 The fore reef zone is characterized by a gentle slope of about 0.5-6° and some 
spur and groove formations.  Sand patches increase with depth, and dominate the benthic 
substrate at the lower limits (e.g. little sunlight at ~60m) of the coral community (Jordan 
et al. 1981).  The dominant coral species in the fore reef zone are Siderastrea siderea, 
Montastrea cavernosa, and Diploria strigosa.  Coral colonies are typically small and low 
in frequency.  The gentle slope of the fore reef zone allows for sediment accumulation, 
and the coral species present are resistant to sedimentation.  Sedimentation on the fore 
reef also lowers coral recruitment, which may explain the low number of coral colonies 
(Jordan et al. 1981). 
 The classification of the reefs by Jordan et al. (1981) is a comprehensive 
description of the reef system along the entire coast of Quintana Roo, however the reefs 
for the present study at Akumal and Chemuyil have a few different characteristics.  The 
fore reef zones at Akumal and Chemuyil are typically dominated by Montastrea spp. 
corals rather than S. siderea or D. strigosa, and the colonies appear to be fairly large with 
a relatively high frequency.  S. siderea and D. strigosa exhibited relatively low 
frequencies on the fore reef slope.  The description by Jordan et al. (1981) stated that spur 
and groove formations were absent along the Quintana Roo coast, however prominent 
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spur and groove formations were observed at Akumal 25m and 30m, and at Chemuyil 
35m by the present study. 
 The Caribbean coast of Quintana Roo was covered by semi-humid tropical 
rainforest until 1970, when coastal development such as road and resort construction 
broke ground.  Sixty percent of this area had been cleared by 1988 for the “megaproject” 
named the “Cancun-Tulum Touristic Corridor” or “Mayan Riviera,” and a 130 km long 
coastal highway (Martinez-Qsegueda et al. 1993).  This area is now covered by large 
resorts and secondary vegetation of no commercial value. This deforestation may have 
increased the sediment load deposited on the reef (Martinez-Osegueda et al. 1993).  This 
development has also caused a large increase in population growth (17% annually) in the 
area (Ruiz-Zarate et al. 2003).  Tourism in Quintana Roo is the principal source of 
income to the state, producing approximately 75% of its Gross National Product in 1999 
(Ruiz-Zarate et al. 2003).  The majority of this activity has taken place within the 
Cancun-Tulum corridor.  Ecologically damaging methods of coastal development, 
SCUBA diving, solid and liquid waste pollution and boat traffic are noted as the largest 
threats to the reefs in this area.  Fishing in this region has also increased, producing 20% 
of the catch of Mexico as a whole (Jordan et al. 1981; Ruiz-Zarate et al. 2003). 
 Akumal and Chemuyil are small resort towns located about 105km south of 
Cancun.  Novak (1992) and Novak et al. (1992) performed a study on the sedimentology 
and benthic community on several reefs of the Yucatan Peninsula, including Akumal and 
Chemuyil.  This study focused on how the benthic community contributed to the types of 
sediment found at various depths along the Yucatan coast.   
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Benthic Cross-Sections and Dive Depths 
 
Fig. 2  Generalized diagrammatic cross-section and zonataion of the reefs at Akumal and 
Chemuyil.  “R.C.” denotes the reef crest, “BSZ” denotes the barren subzone of the 
breaker zone, “A-MSZ” denotes the Acropora-Millepora subzone of the breaker zone, 
and “RZ” denotes the rear zone.  Depth and location of data collection sites are shown as 
well.  Modified from Novak (1992).  
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The census of the reef community reported by Novak (1992) and Novak et al. 
(1992) is the basis for comparison with data collected by the present study.  The data 
from 1988 (Novak 1992; Novak et al. 1992) is species-specific and thus provides a 
detailed quantification of the reef community at that time. 
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CHAPTER IV 
MATERIALS AND METHODS 
 
 
 A census of the reefs at Akumal and Chemuyil was performed in 2005, which 
allows comparison to the data that were collected by W. David Liddell and Daniel 
Torruco in 1988 (Novak 1992; Novak et al. 1992) in order to determine if the reefs have 
changed significantly and how they have changed over the past 17 years.  All visible 
indicators of changes to the reefs (e.g. anthropogenic and natural stressors) were noted.  
Anecdotal evidence was noted as well. 
 Data were collected in 2005 from the same areas and at the same depths as Novak 
et al. (1992):  Chemuyil at 5m, 12m, 15m, and 35m depths, and Akumal at 5m, 12m, 
20m, 25m, and 30m depths, a total of nine dives.  All dives were on the fore-reef slope, 
on the seaward side of the lagoon and breaker zone.  Data were collected using the same 
methods as Novak et al. (1992).  This method involved SCUBA diving at each site and 
stretching a 10 m long tape across the reef parallel to the shoreline.  Two underwater 
cameras were used and a picture was taken at each meter interval on the tape from 0 m to 
10 m.  Each exposure covered approximately 0.25 m2 (Figs. 3-6).    
 After the 11 exposures were taken along the first line, the tape was moved 
seaward one meter and the next 11 exposures were collected in the same fashion (Fig. 7).  
This process was repeated until all the exposures in the cameras were used or until other 
limiting factors (e.g. air supply or decompression limits) require surfacing from the dive.  
This provided approximately 64 exposures per dive site. 
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Data Slide 1 
 
Fig. 3  A data slide taken at Chemuyil at 35m. depth. Notable species present are 
Montastrea franksi, Montastrea faveolata, Agaricia tenuifolia, Agaricia agaricites, 
Lobophora variegata, Palythoa caribaeorum, and Davidaster rubiginosa. 
 
 
Data Slide 2 
 
Fig. 4  A data slide taken at Chemuyil at 35m depth.  Notable species are Montastrea 
faveolata, Pseudopterogorgia bipinnata, Stypopodium zonale, and Lobophora variegata. 
 
M. fr. 
M. fa. 
A. t. 
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L. v. 
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S. z. 
L. v. 
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Data Slide 3 
 
Fig. 5  A data slide taken at Chemuyil at 35m depth.  Notable species are 
Pseudopterogorgia bipinnata, Mycetophyllia lamarckiana, Lobophora variegata, and 
various filamentous algae.   
 
 
 A visual account of the physical appearance of each site was performed after 
photographs were taken in order to account for anthropogenic indicators that may not 
appear in the photographs collected.  Indicators such as amount of fish present, scrapes 
on coral heads, broken coral heads, and anchor damage were noted if present at the sites. 
Upon return from Mexico, the exposures were developed into projection slides and 
arranged into their respective orders along the 10m lines.  The slides were projected life-
size onto a whiteboard in which 25 pins were randomly placed.  The recognizable species 
that occur at the point in which the pin is placed on the board were identified to species.  
Identified species were recorded onto data sheets, providing approximately 1,600 points 
of data per site.   
M. l. 
P. bi. 
L. v. 
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Data Slide 4 
 
Fig. 6  A data slide taken at Chemuyil at 35m.  This slide shows a TAS mat, where 
filamentous algae traps sediment thus making it non-palatable for many herbivorous fish.  
Notable species present are Niphates erecta, Briareum asbestinum, Lobophora variegata, 
Halimeda spp., and various filamentous and multi-species turf alga.   
 
 
 The data sheets from both 1988 and 2005 were entered into a spreadsheet and 
categorized into generalized classifications of organisms. The category “coral” refers to 
scleractinian corals, “gorgonians” to octocorals, “sponges” to all types of sponges, 
“macroalgae” to erect fleshy algae, “erect cor./calc.” to erect coralline algae and 
calcareous green algae (e.g. Halimeda), “crust. cor.” to crustose coralline algae,  
“fil./turf” to filamentous algae and multi-species turf, and “non-living substrate” to sand, 
rubble, and rock.  Data entered into the spreadsheets were organized by transect lines, 
which consist of 11 slides and 275 points of data (Appendices A, B, C, and D).  Each line 
N. e. 
B. as. 
L. v. 
Hal. 
  
28  
was treated as a subsample in order to determine mean and median values and confidence 
intervals for each site and depth.  Statistical analyses were performed on data from 1988 
and 2005 using the computer programs XLstat and MultiVariate Statistical Package, or 
MVSP.  Confindence intervals (95.0%) were calculated for each taxonomic group for 
each site and each depth for 1988 (Table 1), and 2005 (Table 2). 
 
 
 
Data Collection Methodology 
 
Fig. 7  Spur and groove formations and the methodology used for data collection at 
Akumal and Chemuyil.  The straight lines represent the 10m tape stretched across the 
reef which was used to determine meter intervals for photographing.  The arrow adjacent 
to the lines represents the seaward directions that the tape was moved after each meter 
increment was photographed along the tape.  Picture modified from 
http://www.marine.usf.edu/reefslab/documents/reefpresentation.html 
 
   
Spur 
Groove 
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Confidence Levels 1 
 
Table 1  Table showing the 95% confidence levels for larger taxonomic groups for all 
sampled depths at Akumal and Chemuyil in 1988. 
 
 
 An arcsin transformation (p’=arcsin √p), where p’ is the transformed value, arcsin 
is the angle whose sine is √p, and p is the proportion, was performed in order to reduce 
closure in the data sets for both 1988 and 2005 and to normalize the non-parametric data.  
To perform the arcsin transformation, the sums of the observations for coral, gorgonians, 
sponges, and macroalgae per line were divided by the total number of possible 
observations per line (obs./250 for 1988 and obs./275 in 2005) in order to get the 
proportion, then multiplied by 100 to standardize the data (relative frequency, or % 
cover). 
 
 
Confidence Levels 2 
 
Table 2  Table showing the 95% confidence levels for larger taxonomic groups for all 
sampled depths at Akumal and Chemuyil in 2005. 
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 The arcsin transformation allows for analysis such as chi-square analysis.  Chi-
square analysis enabled the comparison of the community structure (abundance of corals, 
gorgonians, sponges, macroalgae, erect coralline/calcareous algae, crustose coralline 
algae, filamentous turf algae and non-living substrate) of sites (e.g. Chemuyil 5m) at two 
different time periods (1988 and 2005).  Mann-Whitney U analysis was performed on the 
arcsin transformed data to determine what categories of benthic reef constituents 
exhibited statistically significant changes between 1988 and 2005.  Each photographed 
line was used as a subset and the Mann-Whitney U test compared each category of coral, 
gorgonians, sponges, macroalgae, erect coralline/calcareous algae, crustose coralline 
algae, filamentous/turf algae, and non-living substrate over the time periods of 1988 and 
2005.  Histograms were then generated in Excel using the relative frequency of each 
category in order to represent the changes that have occurred on the reefs.  Shannon-
Weaver H’ biodiversity indices (H’= -Σ pilnpi) and J’ (J’=H’/Hmax) evenness values were 
calculated for corals and macroalgae for each depth at both time periods using the 
computer program MVSP.  The calculated biodiversity indices are affected by the 
number of species represented in each data set, and the evenness of the population.  
Diversity increases relative to the number of species and the evenness of their 
distribution.  Maximum diversity is reached when all species are equally abundant in the 
population.  J’ evenness values vary from 0 to 1; the closer the calculated J’ value is to 1, 
the more even the populations that form the community.   
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CHAPTER V 
RESULTS 
 
 
The chi-square analysis determined that community composition data collected at each 
site and depth in 1988 are significantly different from those data collected from their 
respective locations and depths in 2005.  Mann-Whitney U analysis also shows how the 
reefs have changed at Akumal (Table 3) and Chemuyil (Table 4) based on the types of 
benthic fauna and substratum present. Relative frequencies were also calculated for each 
category at each site (Table 5). 
 
Akumal 
 
5m 
 
 In 2005 the benthic substrate at Akumal 5m consisted of rock pavement with 
patches of sand.  Individual coral heads and smaller assemblages of various coral species 
were distributed randomly on the pavement and sand.  Diadema antillarum was present 
in low (4-5 individuals) numbers.  Corals, gorgonians, macroalgae, erect coralline and 
calcareous algae, and non-living substrate all exhibited a decrease in relative abundance 
from 1988 to 2005 at Akumal at 5m depth. Non-living substrate and erect 
coralline/calcareous algae showed significant decreases in relative abundance.  
Filamentous algae/multi-species turf and crustose coralline algae increased a significant 
amount. Non-living substrate exhibited the largest significant decrease and 
filamentous/multi-species turf exhibited the largest increase (Fig. 8).  
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Medians and MWU: Akumal 
 
Table 3  Table showing the medians of the number of times each larger taxonomic 
category was identified for two time periods at Akumal. An asterisk with the p-value in 
the bottom row indicates a statistically significant change indicated by Mann-Whitney U 
analysis. 
 
 
 The number of coral species (S) present decreased from 14 to 9 over the time 
period from 1988 to 2005.  H’ for coral decreased from 1.976 to 1.294, and J’ for coral 
decreased from 0.749 to 0.589 (Table 6).   Macroalgae species decreased from 4 to 3, and 
H’ for macroalgae increased from 0.574 to 0.831.  J’ for macroalgae increased from 
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0.414 to 0.756 (Table 7).  Notable coral species present in 1988 and absent in 2005 are 
M. annularis. M. cavernosa, A. cervicornis, and A. palmata. 
 
 
Medians and MWU: Chemuyil 
 
Table 4  Table showing the medians of the number of times each larger taxonomic 
category was identified for two time periods at Chemuyil. An asterisk with the p-value in 
the bottom row indicates a statistically significant change indicated by Mann-Whitney U 
analysis. 
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Mean Percent Cover 
 
Table 5  Table showing the mean percent coverage of each larger taxonomic category at 
various depths and for two time periods at Akumal and Chemuyil. 
 
 
12m 
 
 In 2005 the benthos at Akumal 12m is best described as having wide coral 
terraces with some wide, low-relief (<3m) spurs with interstitial patches of sand.  Red 
filamentous cyanobacteria (Lyngbya spp.) was observed growing on gorgonians.  Corals, 
macroalgae, erect coralline/calcareous algae, and non-living substrate showed a decrease 
in relative abundance.  Gorgonians, sponges, crustose coralline algae, and 
filamentous/multi-species  
turf algae showed increases. Non-living substrate decreased significantly while crustose 
coralline algae and filamentous/multi species turf algae increased significantly. 
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Fig. 8  Histogram showing relative frequencies of the benthic constituents that were 
identified at two time periods at Akumal 5m.  Halimeda is included in the category Erect 
Cor./Calc.  
 
 
 
 Non-living substrate showed the largest significant decrease and 
filamentous/multi-species turf algae exhibited the largest significant increase (Fig. 9).  
Coral species (S) decreased from 13 to 12, H’ for coral decreased from 2.204 to 1.356, 
and J’ for coral decreased from 0.859 to 0.546 (Table 6). Macroalgae species increased 
from 3 to 4, H’ for macroalgae increased from 0.159 to 0.741, and J’ for macroalgae 
increased from 0.145 to 0.534 (Table 7).  Notable coral species present in 1988 and 
absent in 2005 are D. labyrinthiformis and D. cylindricus. 
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Relative Frequency 2 
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Fig. 9  Histogram showing relative frequencies of the benthic constituents that were 
identified at two time periods at Akumal 12m. Halimeda is included in the category Erect 
Cor./Calc. 
 
 
 
20m  
 
 Akumal 20m also exhibited wide coral terraces with some wide, low relief (<3m) 
spurs with interstitial patches of sand.  Corals, gorgonians, erect coralline/calcareous 
algae, and non-living substrate showed decreases in relative abundance.  Sponges, 
macroalgae, crustose coralline algae, and filamentous/multi-species turf algae showed 
increases.  No declining categories exhibited a statistically significant decrease.  
However, macroalgae and crustose coralline algae showed significant increases.  The 
largest significant change was the increase in macroalgae.  The largest decrease was non-
living substrate, though not statistically significant (Fig. 10).  Coral species (S) decreased 
from 11 to 10, and H’ for coral decreased from 1.451 to 1.309.  J’ for coral decreased 
from 0.605 to 0.569 (Table 6).  Macroalgae species (S) remained at 4 species over the 
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two time periods, while H’ decreased from 0.828 to 0.752.  J’ for macroalgae decreased 
slightly from 0.597 to 0.542 (Table 7).  Notable coral species present in 1988 and absent 
in 2005 are M. mirabilis, P. furcata, and M. lamarckiana. 
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Fig. 10  Histogram showing relative frequencies of the benthic constituents that were 
identified at two time periods at Akumal 20m. Halimeda is included in the category Erect 
Cor./Calc. 
 
 
 
25m 
  
 Akumal 25m exhibited prominent spur and groove formations.  Spurs were 
approximately 10m in width, and sandy grooves were approximately 1-2m in width.  
Corals and non-living substrate showed decreases in relative abundance.  Gorgonians, 
sponges, macroalgae, erect coralline/calcareous algae, crustose coralline algae, and 
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filamentous/multi-species turf algae showed increases.  Only non-living substrate 
exhibited a significant decrease, while filamentous/multi-species turf algae exhibited a 
significant increase.  The largest significant increase was represented by 
filamentous/multi-species turf algae (Fig. 11).  Coral species (S) increased from 9 to 13.  
H’ for coral increased from 0.831 to 1.205, and J’ increased from 0.378 to 0.470 (Table 
6).  Macroalgae species (S) increased from 4 to 5.  H’ for macroalgae decreased from 
0.501 to 0.362 and J’ decreased from 0.362 to 0.225 (Table 7).  Notable coral species 
present in 1988 and absent in 2005 are M. decatus, P. furcata and M. barbadensis. 
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Fig. 11  Histogram showing relative frequencies of the benthic constituents that were 
identified at two time periods at Akumal 25m. Halimeda is included in the category Erect 
Cor./Calc. 
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30m 
 
 Akumal 30m also exhibited prominent spur and groove formations.  Spurs were 
approximately 10m in width, and sandy grooves were approximately 1-2m in width. 
Corals, macroalgae, erect coralline/calcareous algae, and non-living substrate decreased 
in relative abundance.  Gorgonians, sponges, crustose coralline algae, and 
filamentous/multi-species turf algae showed increases.  Coral, macroalgae, erect 
coralline/calcareous algae, and non-living substrate exhibited significant decreases.  
Crustose coralline algae and filamentous/multi-species turf algae exhibited significant 
increases.   
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Fig. 12  Histogram showing relative frequencies of the benthic constituents that were 
identified at two time periods at Akumal 30m. Halimeda is included in the category Erect 
Cor./Calc. 
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 The largest significant decrease was by corals, and the largest significant increase 
was by filamentous/multi-species turf algae (Fig. 12).  Coral species (S) remained at 10.  
H’ for coral increased from 0.846 to 1.441, and J’ increased from 0.367 to 0.626 (Table 
6).  Macroalgae species (S) remained at 5, while H’ and J’ for macroalgae decreased from 
0.752 to 0.395 and from 0.467 to 0.245 respectively (Table 7).  Notable coral species 
present in 1988 and absent in 2005 are A. cervicornis, C. natans, and M. lamarckiana. 
 
Chemuyil 
 
5m 
  
 The benthos at Chemuyil 5m exhibited rock pavement with patches of sand.  
Individual coral heads and smaller assemblages of various coral species were distributed 
randomly on the pavement and sand.  Large patches of multi-species turf and 
Echinometra sea urchins were observed.  Corals, gorgonians, macroalgae, erect 
coralline/calcareous algae, and non-living substrate decreased in relative abundance.  
Crustose coralline algae and filamentous/multi-species turf algae increased.  A significant 
decrease was observed only in non-living substrate while crustose coralline algae and 
filamentous/multi-species turf algae both exhibited significant increases.  The largest 
significant decrease was by non-living substrate, and the largest significant increase by 
filamentous/multi-species turf algae.  Sponges were absent at both times of data 
collection (Fig. 13).  Coral species (S) decreased from 10 to 8.  H’ for coral decreased 
from 1.874 to 1.123, and J’ decreased from 0.814 to 0.540 (Table 6).  Macroalgae species 
(S) decreased from 9 to 5.  H’ for macroalgae decreased from 1.701 to 0.926, and J’ 
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decreased from 0.774 to 0.575 (Table 7).  Notable coral species present in 1988 and 
absent in 2005 are A. tenuifolia, P. furcata, and D. clivosa. 
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Fig. 13  Histogram showing relative frequencies of the benthic constituents that were 
identified at two time periods at Chemuyil 5m. Halimeda is included in the category 
Erect Cor./Calc. 
 
 
12m  
 
 Chemuyil 12m exhibited wide coral terraces with some wide, low-relief (<3m) 
spurs with interstitial patches of sand.  Corals, sponges, erect coralline/calcareous algae, 
and non-living substrate decreased in relative abundance.  Gorgonians, macroalgae, 
crustose coralline algae, and filamentous/multi-species turf algae showed increases. 
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Significant increases occurred in gorgonians and macroalgae, and filamentous/multi-
species turf algae.  Significant decreases occurred in sponges, erect coralline/calcareous 
algae, and non-living substrate.  The largest significant decrease was by non-living 
substrate and the largest significant increase was by filamentous/multi-species turf algae 
(Fig. 14).  Coral species (S) increased from 10 to 14.  H’ for coral increased from 1.664 
to 2.116 and J’ increased from 0.723 to 0.802 (Table 6).  Macroalgae species decreased 
from 3 to 2.  H’ for macoralgae decreased from 0.76 to 0.074 and J’ decreased from 
0.691 to 0.107 (Table 7).  Notable coral species present in 1988 and absent in 2005 are C. 
natans and A. palmata.    
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Fig. 14  Histogram showing relative frequencies of the  benthic constituents that were 
identified at two time periods at Chemuyil 12m. Halimeda is included in the category 
Erect Cor./Calc. 
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15m 
 
 Chemuyil 15m also exhibited wide coral terraces with some wide, low-relief 
(<3m) spurs and interstitial patches of sand.  Corals, gorgonians, erect 
coralline/calcareous algae, and non-living substrate decreased in relative abundance.  
Sponges, macroalgae, crustose coralline algae, and filamentous/multi-species turf algae 
increased. 
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Fig. 15  Histogram showing relative frequencies of the benthic constituents that were 
identified at two time periods at Chemuyil 15m. Halimeda is included in the category 
Erect Cor./Calc. 
 
 Significant decreases occurred in erect coralline/calcareous algae and non-living 
substrate.  Macroalgae, showed a significant increase.  The largest significant decrease 
was by non-living substrate (Fig. 15).  Coral species (S) decreased from 13 to 10.  H’ for 
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coral decreased from 1.988 to 1.901 and J’ increased from 0.775 to 0.825 (Table 6).  
Macroalgae species (S) increased from 3 to 4.  H’ for macroalgae decreased from 0.900 
to 0.732 and J’ decreased from 0.819 to 0.528 (Table 7).  Notable coral species present in 
1988 and absent in 2005 are M. cavernosa, P. furcata, M. mirabilis, A. lamarckiana, and 
A. palmata.  
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Fig. 16  Histogram showing relative frequencies of the benthic constituents that were 
identified at two time periods at Chemuyil 35m.  Halimeda is included in the category 
Erect Cor./Calc.  Erect coralline/calcareous algae and non-living substrate decreased in 
relative abundance.   
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35m 
 
 Chemuyil 35m exhibited prominent spur and groove formations.  Spurs were 
approximately 10m in width, and sandy grooves were approximately 1-2m in width. 
Corals, gorgonians, sponges, macroalgae, crustose coralline algae, and filamentous/multi-
species turf algae increased.  A significant decrease occurred in non-living substrate, 
while sponges and crustose coralline algae showed significant increases.  The largest 
significant decrease was by non-living substrate and crustose coralline alge represented 
the largest significant increase (Fig. 16).  Coral species (S) increased from 8 to 14.  H’ for 
coral decreased from 1.585 to 1.448 and J’ decreased from 0.762 to 0.549 (Table 6).  
Macroalgae species (S) remained at 6, while H’ and J’ from macroalgae both decreased 
from 1.414 to 0.577 and 0.789 to 0.322 respectively (Table 7).  Notable coral species 
present in 1988 and absent in 2005 are M. meandrites, and M. areolata. 
 A variety of changes with discernable trends have occurred on the reefs at 
Akumal and Chemuyil.  In all but one site (Akumal 20m), statistically significant 
decreases in non-living substrate were observed.  Coral at Akumal 30m exhibited the 
largest decrease of all the categories, but is accompanied by a significant decrease in non-
living substrate as well.  Non-living substrate exhibited the largest change of all other 
decreasing categories at all other sites.  On the other hand, all nine dives showed 
increases in filamentous/multi-species turf algae, with seven exhibiting a significant 
increase.  The two sites showing more drastic increases in categories other than 
filamentous/multi-species turf are Akumal 20m and Chemuyil 35m.  The largest increase 
at Akumal 20m is by macroalgae. Corals exhibit the largest significant increase in overall 
cover at Chemuyil 35m, but there is a significant increase in macroalgae as well.  
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Chemuyil 35m is the only site with an increase in coral cover.  No apparent trends were 
observed in the biodiversity indices or evenness values over the two time periods by site 
or depth.   
 
 
Table 6  Table showing the number of coral species (S), diversity indices (H’) and 
evenness values (J’) for all locations and depths over two time periods at Akumal and 
Chemuyil. 
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Table 7  Table showing the number of macroalgae species (S), diversity indices (H’), and 
evenness values (J’) for all locations and depths over two time periods at Akumal and 
Chemuyil. 
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CHAPTER VI 
DISCUSSION 
 
 
 The chi-square analyses support the hypothesis that significant overall changes 
have occurred on the reefs at Akumal and Chemuyil between the two time periods based 
on the combined categories of corals gorgonians, sponges, macroalgae, erect 
coralline/calcareous algae, crustose coralline algae, filamentous/multi-species turf algae, 
and non-living substrate. The Mann-Whitney calculations for each individual category 
further support the hypothesis and give more insight as to which groups of organisms are 
exhibiting changes.  The most obvious and most notable changes observed on the reefs at 
Akumal and Chemuyil are the increases in filamentous/multi-species turf algae and 
crustose coralline algae, and large decreases in non-living substrate.  High frequencies of 
filamentous/multi-species turf algae, crustose coralline algae, and the presence of the red 
filamentous cyanobacteria Lyngbya spp. typically indicate a shift from oligotrophic 
waters to relatively high nutrient content in the water column and overfishing (Littler et al 
2006; Tichener 2006).  Currently the only legal method for disposing of sewage in the 
Mayan Riviera is by “deep-injection wells” (Roy 2004), however the highly porous karst 
limestone of the Yucatan peninsula may easily facilitate the transport of the sewage to 
coastal waters.  One anecdotal account from Dr. Tom Iliffe at Texas A&M University 
states that most of the deep injection wells in the Yucatan are approximately 100m deep 
or less, the same depth as many of the major cenotes (sink holes) in the area.  Mike Cook 
of the organization Green Planet Blue Ocean also notes that some of the injection wells, 
particularly in residential areas, are as shallow as 10-20m.  These accounts were further 
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reinforced by Nancy DeRosa, owner of the Villas DeRosa Resort and head coordinator of 
the Aquatec Dive Center, who states that she has observed brown clouds in the salt-water 
zones of the cenotes at approximately 35 feet, but that the clouds appeared to stay below 
the halocline.  However, upwards vertical transport of wastewater from deep-injection 
wells into potable aquifers has been documented in other areas where karstic systems 
dominate the landscape (Maliva et al. 2007).   
 There are noted indicator species for eutrophication such as the green alga 
Codium spp. (Lapointe et al. 2005), and the red filamentous cyanobacteria, Lyngbya 
(Tichener 2006).  Codium was not identified in any of the dives at Akumal or Chemuyil 
in either 1988 or 2005, but the presence of Lyngbya was observed at most sites in 2005.  
Anecdotal accounts from inhabitants of the Akumal/Chemuyil area indicate an increase 
in a red filamentous material growing on the reefs since development began along the 
Mayan Riviera. Lyngbya exhibits a low frequency in the data sets for 2005, but this is 
likely because of the tendency of Lyngbya to grow on sea fans and other gorgonians (Fig. 
17).  The elevated position of Lyngbya on gorgonians would be out of the range of the 
camera lens during data collection.  Thus, Lyngbya is likely underrepresented in the data 
sets from 1988 and 2005.  The way in which Lyngbya was observed growing on 
gorgonians in Akumal and Chemuyil is much like the manner described by Tichener in 
Florida (Tichener 2006).  
 Many studies show that eutrophication can cause algal blooms even when 
herbivory is high (Hay 1981; Hatcher 1983; Carpenter 1986), however, overfishing has 
been documented in the Akumal and Chemuyil areas (Bellwood et al. 2004; Roy 2004). 
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Anecdotal evidence documented in logs from the 1988 data collection mention that the 
reefs appeared to be overfished. 
  
Data Slide 5 
 
Fig. 17  Photograph of the red filamentous cyanobacteria Lyngbya spp. growing on the 
gorgonian Pseudopterogorgia bipinnata. 
 
    
  
 The depletion of herbivorous fish gave way to large populations of Diadema 
antillarum sea urchins during the 1970’s, which became the primary herbivores on 
Caribbean reefs (Bellwood et al. 2004).  Sea urchin levels are typically higher in areas of 
heavy fishing due to urchin-eating fish typically being target fish for fishermen (Jennings 
and Polunin 1997).  Other species of sea urchins (Echinometra) served as the principal 
grazers following the massive die-off of Diadema in 1983-1984 and prevented a 
complete inundation of algae on the reefs (Bellwood et al. 2004).  The data used in this 
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research collected by Liddell and Torruco in 1988 was collected 5 years after the die-off 
of Diadema antillarum.  Roy (2004) states that substantial populations of D. antillarum 
exist in patch reefs of Akumal, and densities of these urchins have been increasing on the 
fore reefs as well.  However, low herbivory rates by fish appear to be facilitating the 
growth of benthic algae.  Rates of herbivory at Akumal in 2000 were nearly identical to 
those of the highly overfished reefs of northern Jamaica (Roy 2004).   
Another problem associated with turf algae is its ability to trap sediment.  Turf 
algal-sediment mats, or TAS mats often occur in areas of sediment resuspension, such as 
the fore reef slope (Roy 2004).  Turf filaments restrict water flow, which allows sediment 
to fall out of the water column and onto the algae, forming TAS mats.  Damage to corals 
has been documented when contact with a TAS mat occurs, and TAS mats have been 
observed to appear as if they are growing over coral colonies (Roy 2004).  TAS mats are 
typically scarce in areas where herbivory is high; however reduced herbivory may allow 
for TAS mats to proliferate.  Once TAS mats are established, the sediment trapped in the 
filaments of the algae can deter herbivores (Roy 2004).  Areas that could be classified as 
TAS mats were observed at many of the sites during data collection in 2005 (Fig. 6). 
 Littler et al. (2006) constructed the Relative Dominance Model (RDM).  The 
RDM (Fig. 18) shows hypothetical phase shifts that occur when increasing human 
impacts alter the nutrient levels in the water column and/or the amount of grazing activity 
on a coral reef.  The relative dominance model suggests that reduced herbivory on coral 
reefs results in an increase in the relative dominance of turf algae, and that increased 
nutrients results in the relative dominance of crustose coralline algae. The model also 
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suggests that a combination of reduced grazing activity and increased nutrients results in 
increased macroalgae. 
 
 
The Relative Dominance Model 
 
 
Fig. 18  The Relative Dominance Model.  The vectors on the x and y axes are indicative 
of increasing human impact resulting in declining coral reef resiliency, due to either the 
removal of herbivores or increasing nutrient levels.  Modified from Littler et al. (2006). 
   
 The site at Akumal 5m showed significant increases in crustose coralline algae 
and filamentous/turf algae. According to the RDM, this suggests a combination of 
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eutrophication and the removal of herbivores, though the exceptionally large increase in 
filamentous/turf algae indicates that reduced herbivory is the principle reason behind this 
change.  The same trends are also observed at Akumal 12m, Akumal 30m, Chemuyil 5m, 
and Chemuyil 12m, though the rise in crustose coralline algae at Chemuyil 12m is not 
statistically significant.  The sites at Akumal 20m, Akumal 25m, Chemuyil 15m, and 
Chemuyil 35m exhibit relatively equal rises in crustose coralline algae and 
filamentous/turf algae, accompanied by either a significant rise or a relatively high 
frequency of macroalgae.  This suggests that eutrophication and reduced grazing are 
equally responsible for the changes observed.  Fish were fairly numerous on the reefs at 
Akumal and Chemuyil, however, it is possible that the fish observed may not be fish that 
serve as principal herbivores in the reef community.  There is a tendency for fishermen to 
fish “down the food web” (Roy 2004), as the desired carnivorous fish populations are 
diminished by overfishing, herbivores become the targeted fish. 
 The RDM may seem to be a good tool for determining the cause of community 
composition changes on a coral reef, however more recent research has shown that the 
RDM is not completely accurate in it’s assumptions.  This is likely due to the fact that the 
RDM was developed through laboratory experiments.  Laboratory simulations are useful 
for providing insight into how ecosystems work, but they typically cannot account for all 
the biotic and abiotic factors that occur in a natural setting.  McClanahan et al. (2003, 
2004, 2007) performed a series of in situ experiments comparing the effects of herbivory 
and eutrophication in Glover’s Reef, Belize. These studies showed that turf algae 
dominated areas with high nutrients and high grazing, where the RDM predicts that 
crustose coralline algae should dominate these conditions.  Macroalgae survived well 
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under low grazing, but macroalgal growth, particularly frondose brown algae, was 
inhibited with fertilization (McClanahan et al. 2003).  The study performed by 
McClanahan et al. (2007) showed that Lyngbya confervoides was prolific in fertilized 
areas, but did not develop under control conditions.  This study also showed that turf 
algae was the only type of algae that responded significantly to fertilization.   
 The results from the experiments performed by McClanahan et al. (2003, 2004, 
2007) are likely more suitable for determining the source of changes on the reefs at 
Akumal and Chemuyil because they were performed in situ.  This manner of study is 
preferable for coral reef studies since the experiment is not removed from the biotic and 
abiotic factors of the ecosystem.   Using the results of the McClanahan et al. (2003, 2007) 
experiments for interpreting the changes in reef community in this research suggests 
different conclusions.  It appears that eutrophication is likely more responsible for the 
observed changes than overfishing.  This seems logical, given the nature of the data 
results and the geology of the area.  The large, mostly significant increases in turf algae, 
and the presence of Lyngbya on the reefs at Akumal and Chemuyil suggest that 
eutrophication is playing a much larger role than predicted by the RDM.  In addition, 
there is no clear trend in macroalgae over the two time periods.  The two dominant 
macroalgae species present at Akumal and Chemuyil were Dictyota spp. and Lobophora 
variegata, both of which are brown algae.  Filamentous turf algae showed a higher 
frequency than macroalgae in all but two sites in 2005.  According to McClanahan et al. 
(2003, 2007) studies, this could be explained by eutrophication facilitating the growth of 
filamentous turf algae, and inhibiting the growth of brown macroalgae.  The increases in 
crustose coralline algae due to eutrophication is supported by the RDM, and it has been 
  
55  
further documented that increased nutrients can result in increases in crustose coralline 
algae (Dethier and Stenek 2001; Smith et al. 2001).  It is also likely that herbivorous fish 
are feeding on the macroalgae.  Furthermore, fish populations at Akumal and Chemuyil 
appeared to be relatively healthy in 2005, exhibiting fish from all functional groups.  
These conclusions are further supported by Paul Sanchez Navarro, director of the Centro 
Ecologico Akumal.  He professes to have data supporting eutrophication as the cause of 
the changes on the reefs at Akumal and Chemuyil.  He claims that overfishing has 
occurred in these areas, but it has not had effects on the reefs to the degree that 
eutrophication has. 
Akumal and Chemuyil are located on the eastern side of the Yucatan Platform, 
which is dominated by karst topography.  This topography minimizes surface water 
drainage and thus the deposition of terrigenous sediment onto the reefs (Liddell 2007).  
The only sediment observed on the reefs at Akumal and Chemuyil was that which was 
generated by the reef system itself, either in fissures or crevices in the reef framework or 
trapped in mats of filamentous and turf algae.  Hurricanes such as Gilbert (1988), Mitch 
(1998), Georges (1998), Floyd (1999), Gordon (2000), and Claudette (2003) frequently 
strike the coast of Quintana Roo.  Hurricanes can severely damage reefs by breaking 
coral heads and redistributing sediment, and a higher frequency of algal growth is 
common after a hurricane (Liddell and Ohlhorst 1986, 1992; Gardner et al. 2005).  Coral 
reefs take no less than 8 years to fully recover from hurricane damage (Gardner et al. 
2005), which would put the sites at Akumal and Chemuyil within the recovery window of 
hurricanes Mitch, Georges, Gordon and Claudette for the present study.  However, the 
trends of increased algal growth were observed at all sites, including those deeper than 
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the range of hurricane-force waves, which essentially excludes hurricanes as a possible 
source of the changes.  Furthermore, no indications of other types of stress such as severe 
bleaching (from elevated sea-surface temperatures), scrapes on coral surfaces or broken 
coral framework (indicative of anchor damage or fin scraping from divers), or coral 
diseases, were observed on the reefs. 
 While the causes of the changes on the reefs at Akumal and Chemuyil seem clear, 
there may be issues with data collection that affect the results of the analysis.  Data from 
2005 were collected at essentially the same depths as the data from 1988, though it is not 
likely that data were collected at the exact same locations on the reef.  Localized small-
scale variations in benthic composition from sites in 1988 and 2005 at the same depths 
may cause some changes to appear more or less significant per site, though an overall 
trend at all the sites appears to be quite clear.  For example, data for a site in 1988 at a 
particular depth may have been collected on an area of reef where there was a high 
frequency of sand.  If data were collected in 2005 at the same depth but were collected 
over an area where more scleractinian reef framework was present, the site may not be 
completely representative of the changes occurring on the reef as a whole. 
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CHAPTER VII 
CONCLUSIONS 
 
 
Data analysis shows that significant changes have occurred on the reefs at Akumal and 
Chemuyil.  The increases of filamentous and crustose coralline algae on the reefs, 
anecdotal accounts, and the absence of any other indicators of stress on the reefs (e.g. 
bleaching, sedimentation, scrapes on coral surfaces, broken coral framework, or coral 
diseases), suggest that eutrophication is primarily responsible for the phase-shifts on the 
reefs at Akumal and Chemuyil, while minor to moderate overfishing may play a small 
role in the changes observed as well.  These changes are likely linked to the large 
increase in the tourism industry along the Mayan Riviera.   
 More research is clearly needed to determine to what degree eutrophication and 
overfishing are contributing to the phase shifts that have occurred on the reefs of Akumal 
and Chemuyil.  A census of the herbivores and grazers present, water chemistry, and a 
quantification of actual grazing rates would be advantageous in diagnosing the noted 
changes.  Testing for seasonal variation in nutrient concentrations and the presence and 
concentrations of fecal coliform bacteria as done by Costa et al. (2000) at Bahia, Brazil 
would give further insight as well. 
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Appendix A.  Species and their occurrence (points) for each 10m photographed line 
at their respective depths at Akumal in 1988.  Data were collected by W. David 
Liddell and Daniel Torruco. 
  Akumal 5m 1988  
     
 Line 1 Line 2 Line 3 Line 4 
Coral     
M. annularis 34.00 32.00 4.00 0.00 
P. asteroides 0.00 9.00 3.00 3.00 
P. porites 0.00 1.00 0.00 0.00 
S. siderea 0.00 2.00 4.00 4.00 
D. strigosa 3.00 6.00 3.00 1.00 
A. cervicornis 1.00 1.00 0.00 0.00 
M. cavernosa 0.00 3.00 0.00 0.00 
A. agaricites 0.00 2.00 1.00 1.00 
A. tenuifolia 48.00 2.00 1.00 0.00 
P. furcata 5.00 5.00 1.00 1.00 
D. labyrinthiformis 0.00 1.00 0.00 0.00 
S. michilinii 3.00 2.00 1.00 2.00 
A. palmata 8.00 0.00 10.00 0.00 
I. sinuosa 0.00 0.00 1.00 0.00 
     
     
Gorgonians     
P. flexuosa 1.00 0.00 2.00 0.00 
P. bipinnata 0.00 5.00 17.00 0.00 
G. flabellum 9.00 0.00 0.00 0.00 
P. acerosa 2.00 1.00 1.00 0.00 
M. muricata 0.00 2.00 0.00 0.00 
P. grisea 2.00 2.00 0.00 7.00 
P. americana 2.00 5.00 4.00 6.00 
     
     
Macroalgae     
Dictyota 9.00 5.00 7.00 2.00 
Caulerpa 1.00 0.00 1.00 0.00 
Penicillis 0.00 0.00 0.00 1.00 
Turbinaria 0.00 0.00 0.00 1.00 
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Erect Coralline Algae     
Erect Cor. 0.00 0.00 4.00 0.00 
     
     
Calcareous Algae     
Halimeda 22.00 8.00 9.00 4.00 
     
     
Filmentous/Turf 
Algae     
Fil./Turf 21.00 34.00 108.00 34.00 
     
     
Non-Living Substrate     
Sand 0.00 0.00 20.00 93.00 
Rock 109.00 137.00 103.00 42.00 
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  Akumal 12m 1988  
     
 Line 1 Line 2 Line 3 Line 4 
Coral     
M. annularis 0.00 2.00 3.00 2.00 
P. porites 0.00 4.00 5.00 10.00 
S. siderea 0.00 12.00 5.00 0.00 
D. strigosa 16.00 3.00 1.00 2.00 
A. cervicornis 0.00 0.00 1.00 2.00 
M. cavernosa 0.00 1.00 9.00 0.00 
A. agaricites 5.00 2.00 2.00 3.00 
D. stokesii 0.00 2.00 0.00 0.00 
A. tenuifolia 29.00 19.00 2.00 9.00 
P. furcata 17.00 2.00 3.00 1.00 
D. labyrinthiformis 0.00 0.00 1.00 0.00 
S. michilinii 0.00 0.00 0.00 10.00 
D. cilindricus 0.00 15.00 2.00 0.00 
     
     
Gorgonians     
P. flexuosa 1.00 0.00 0.00 0.00 
G. flabellum 9.00 4.00 5.00 10.00 
B. asbestinium 2.00 1.00 0.00 0.00 
P. acerosa 1.00 0.00 6.00 1.00 
M. muricata 7.00 0.00 5.00 0.00 
P. grisea 0.00 0.00 5.00 0.00 
P. americana 19.00 1.00 0.00 1.00 
     
     
Macroalgae     
Dictyota 5.00 14.00 49.00 25.00 
Udotea 0.00 0.00 0.00 2.00 
Turbinaria 0.00 0.00 0.00 1.00 
     
     
Erect Coralline Algae     
Erect Cor. 0.00 1.00 2.00 0.00 
     
     
Calcareous Algae     
Halimeda 15.00 20.00 9.00 5.00 
     
     
Filamentous/Turf Algae    
Fil./Turf 20.00 32.00 28.00 5.00 
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Non-Living Substrate     
Sand 15.00 101.00 89.00 18.00 
Rock 82.00 57.00 67.00 42.00 
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  Akumal 20m 1988  
     
 Line 1 Line 2 Line 3 Line 4 
Coral     
M. annularis 0.00 7.00 1.00 1.00 
P. porites 2.00 6.00 9.00 0.00 
A. cervicornis 0.00 0.00 3.00 0.00 
A. agaricites 2.00 5.00 4.00 0.00 
A. tenuifolia 45.00 46.00 15.00 14.00 
P. furcata 3.00 7.00 13.00 2.00 
C. natans 1.00 0.00 0.00 0.00 
A. lamarcki 0.00 0.00 1.00 0.00 
S. michilinii 0.00 5.00 0.00 0.00 
M. mirabilis 1.00 2.00 2.00 0.00 
M. lamarckiana 0.00 2.00 2.00 0.00 
     
     
Gorgonians     
G. flabellum 3.00 0.00 6.00 19.00 
E. mammosa 5.00 3.00 5.00 0.00 
B. asbestinium 0.00 1.00 0.00 0.00 
P. acerosa 1.00 1.00 1.00 0.00 
M. muricata 1.00 6.00 7.00 0.00 
P. grisea 0.00 2.00 0.00 0.00 
     
     
Sponges     
Red Encrusting Sponge 1.00 0.00 0.00 0.00 
C. delitrix 0.00 1.00 0.00 1.00 
     
     
Macroalgae     
Dictyota 9.00 2.00 22.00 1.00 
L. variegata 6.00 2.00 15.00 5.00 
S. hystrix 1.00 0.00 0.00 0.00 
Caulerpa 1.00 0.00 0.00 0.00 
     
     
Erect Coralline Algae     
Erect Cor. 1.00 0.00 2.00 0.00 
     
     
Calcareous Algae     
Halimeda 9.00 10.00 7.00 3.00 
     
     
Crustose Coralline Algae    
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C.C. Green 1.00 0.00 0.00 0.00 
     
     
Filamentous/Turf 
Algae     
Fil./Turf 20.00 18.00 23.00 4.00 
     
     
Non-Living Substrate     
Sand 0.00 0.00 0.00 0.00 
Rock 96.00 95.00 68.00 4.00 
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  Akumal 25m 1988  
     
 Line 1 Line 2 Line 3 Line 4 
Coral     
M. annularis 52.00 92.00 93.00 18.00 
P. asteroides 27.00 3.00 0.00 1.00 
M. decatus 0.00 0.00 2.00 0.00 
S. siderea 0.00 2.00 0.00 0.00 
A. cervicornis 3.00 1.00 0.00 0.00 
A. agaricites 6.00 11.00 0.00 1.00 
M. meandrites 0.00 0.00 0.00 1.00 
P. furcata 0.00 1.00 4.00 3.00 
M. barbadensis 0.00 0.00 2.00 0.00 
     
     
Gorgonians     
G. flabellum 4.00 0.00 0.00 0.00 
E. mammosa 0.00 11.00 1.00 0.00 
B. asbestinium 8.00 8.00 13.00 1.00 
P. acerosa 3.00 1.00 0.00 0.00 
M. muricata 10.00 0.00 4.00 17.00 
P. grisea 0.00 1.00 0.00 0.00 
P. americana 1.00 0.00 0.00 5.00 
     
     
Sponges     
N. digitalis 0.00 0.00 2.00 0.00 
     
     
Macroalgae     
Dictyota 9.00 9.00 7.00 1.00 
L. variegata 38.00 37.00 74.00 16.00 
S. hystrix 0.00 1.00 1.00 1.00 
Caulerpa 1.00 0.00 0.00 0.00 
     
     
Erect Coralline Algae     
Erect Cor. 0.00 0.00 2.00 1.00 
     
     
Calcareous Algae     
Halimeda 3.00 2.00 6.00 4.00 
     
     
Crustose Coralline 
Algae     
C.C. Green 0.00 3.00 2.00 0.00 
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Filamentous/Turf 
Algae     
Fil./Turf 9.00 22.00 9.00 17.00 
     
     
Non-Living Substrate     
Sand 0.00 1.00 0.00 0.00 
Rock 29.00 31.00 25.00 7.00 
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  Akumal 30m 1988  
     
 Line 1 Line 2 Line 3 Line 4 
Coral     
M. annularis 56.00 90.00 83.00 32.00 
P. porites 2.00 0.00 1.00 0.00 
S. siderea 3.00 0.00 0.00 0.00 
A. cervicornis 13.00 0.00 1.00 0.00 
M. cavernosa 0.00 0.00 3.00 1.00 
A. agaricites 11.00 3.00 4.00 3.00 
M. meandrites 0.00 2.00 0.00 1.00 
C. natans 7.00 0.00 0.00 0.00 
A. lamarcki 1.00 0.00 0.00 0.00 
M. lamarckiana 6.00 0.00 0.00 0.00 
     
     
Gorgonians     
P. flexuosa 0.00 0.00 0.00 2.00 
G. flabellum 2.00 8.00 5.00 0.00 
P. acerosa 1.00 11.00 11.00 15.00 
M. muricata 1.00 1.00 1.00 8.00 
P. grisea 4.00 1.00 0.00 0.00 
P. americana 5.00 0.00 1.00 0.00 
     
     
Sponges     
N. digitalis 1.00 0.00 0.00 0.00 
C. delitrix 0.00 0.00 1.00 0.00 
Red Encrusting Sponge 0.00 0.00 0.00 1.00 
Unidentified Sponge 0.00 4.00 0.00 0.00 
A. schmidti 2.00 0.00 0.00 0.00 
S. plicifera 1.00 0.00 2.00 0.00 
     
     
Macroalgae     
Dictyota 0.00 4.00 4.00 1.00 
L. variegata 36.00 46.00 38.00 19.00 
Udotea 0.00 1.00 13.00 0.00 
S. hystrix 0.00 4.00 0.00 2.00 
Caulerpa 0.00 1.00 4.00 0.00 
     
     
Erect Coralline Algae     
Erect Cor. 2.00 2.00 3.00 0.00 
     
     
Calcareous Algae     
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Halimeda 10.00 6.00 5.00 16.00 
     
     
Filamentous/Turf Algae    
Fil./Turf 5.00 0.00 34.00 9.00 
     
     
Non-Living Substrate     
Sand 2.00 2.00 0.00 56.00 
Rock 57.00 35.00 54.00 35.00 
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Appendix B.  Species and their occurrence (points) for each 10m photographed line 
at their respective depths at Chemuyil in 1988.  Data were collected by W. David 
Liddell and Daniel Torruco. 
  Chemuyil 5m 1988  
     
 Line 1 Line 2 Line 3 Line 4 
Coral     
M. annularis 6.00 24.00 0.00 0.00 
P. asteroides 0.00 0.00 5.00 0.00 
P. porites 1.00 1.00 1.00 0.00 
S. siderea 0.00 8.00 4.00 1.00 
D. strigosa 11.00 9.00 7.00 2.00 
M. cavernosa 9.00 0.00 0.00 0.00 
A. agaricites 1.00 0.00 1.00 0.00 
A. tenuifolia 0.00 0.00 7.00 29.00 
P. furcata 0.00 2.00 0.00 1.00 
D. clivosa 0.00 3.00 0.00 0.00 
     
     
Gorgonians     
P. flexuosa 0.00 1.00 2.00 0.00 
G. flabellum 15.00 12.00 6.00 3.00 
B. asbestinium 4.00 2.00 3.00 0.00 
P. acerosa 0.00 1.00 8.00 0.00 
M. muricata 0.00 2.00 0.00 1.00 
P. grisea 0.00 3.00 0.00 0.00 
P. guadalupensis 0.00 1.00 0.00 0.00 
     
     
Sponges     
S. melanostigma 0.00 0.00 0.00 1.00 
     
     
Macroalgae     
Dictyota 5.00 4.00 12.00 1.00 
L. variegata 1.00 0.00 0.00 0.00 
Udotea 0.00 0.00 2.00 0.00 
S. zonale 1.00 5.00 3.00 0.00 
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C. racemosa 1.00 2.00 0.00 0.00 
Valonia 1.00 0.00 0.00 0.00 
Ulva 2.00 8.00 0.00 0.00 
P. sanctae-crucis 0.00 4.00 1.00 0.00 
P. guadalupensis 0.00 1.00 0.00 0.00 
     
     
Calcareous Algae     
Halimeda 12.00 9.00 9.00 0.00 
     
     
Filamentous/Turf 
Algae     
Fil/Turf 37.00 13.00 15.00 9.00 
     
     
     
Non-Living Substrate     
Sand 8.00 0.00 16.00 0.00 
Rock 95.00 109.00 152.00 30.00 
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  Chemuyil 12m 1988  
     
 Line 1 Line 2 Line 3 Line 4 
Coral     
M. annularis 8.00 7.00 11.00 32.00 
P. porites 0.00 0.00 1.00 1.00 
S. siderea 3.00 0.00 3.00 0.00 
A. cervicornis 9.00 5.00 18.00 19.00 
M. cavernosa 8.00 0.00 10.00 0.00 
A. agaricites 2.00 1.00 0.00 0.00 
A. tenuifolia 7.00 5.00 2.00 0.00 
P. furcata 4.00 3.00 0.00 3.00 
C. natans 0.00 1.00 0.00 0.00 
A. palmata 0.00 0.00 0.00 1.00 
     
     
Gorgonians     
P. flexuosa 6.00 0.00 0.00 2.00 
G. flabellum 0.00 1.00 0.00 0.00 
E. mammosa 0.00 0.00 0.00 3.00 
B. asbestinium 0.00 0.00 0.00 2.00 
P. acerosa 10.00 9.00 2.00 5.00 
M. muricata 3.00 0.00 5.00 0.00 
P. grisea 1.00 0.00 0.00 0.00 
     
     
Sponges     
S. coralliphagum 0.00 3.00 4.00 0.00 
Unidentified Sponge 0.00 0.00 0.00 2.00 
     
     
Macroalgae     
Dictyota 1.00 6.00 1.00 0.00 
L. variegata 1.00 0.00 0.00 0.00 
Caulerpa 2.00 0.00 0.00 0.00 
     
     
Calcareous Algae     
Halimeda 7.00 27.00 36.00 20.00 
     
     
Crustose Coralline 
Algae     
C.C. Purple 8.00 0.00 0.00 0.00 
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Filamentous/Turf 
Algae     
Fil./Turf 12.00 25.00 14.00 11.00 
     
     
Non-Living Substrate     
Sand 43.00 5.00 8.00 0.00 
Rock 102.00 143.00 103.00 72.00 
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 Chemuyil 15m 1988  
    
 Line 1 Line 2 Line 3 
Coral    
M. annularis 4.00 42.00 4.00 
P. asteroides 0.00 0.00 7.00 
P. porites 0.00 0.00 4.00 
D. strigosa 3.00 0.00 3.00 
A. cervicornis 6.00 32.00 15.00 
M. cavernosa 1.00 6.00 4.00 
A. agaricites 1.00 1.00 19.00 
D. stokesii 0.00 1.00 0.00 
A. tenuifolia 0.00 0.00 6.00 
P. furcata 8.00 5.00 0.00 
M. mirabilis 0.00 6.00 1.00 
A. lamarckiana 0.00 2.00 0.00 
A. palmata 0.00 0.00 1.00 
    
    
Gorgonians    
P. flexuosa 2.00 4.00 0.00 
P. bipinnata 0.00 19.00 10.00 
G. flabellum 3.00 1.00 0.00 
E. mammosa 1.00 0.00 6.00 
B. asbestinium 8.00 4.00 7.00 
M. muricata 3.00 0.00 5.00 
P. grisea 1.00 2.00 1.00 
P. americana 0.00 2.00 0.00 
    
    
Sponges    
I. strobilina 1.00 2.00 0.00 
Red Encrusting Sponge 1.00 0.00 2.00 
Black Encrusting Sponge 0.00 2.00 0.00 
    
    
Macroalgae    
Dictyota 1.00 1.00 3.00 
L. variegata 1.00 0.00 0.00 
Udotea 0.00 0.00 2.00 
    
    
Calcareous Algae    
Halimeda 26.00 33.00 25.00 
    
    
Crustose Coralline 
Algae    
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C.C. Red 2.00 0.00 0.00 
C.C. Green 0.00 1.00 0.00 
    
    
Filamentous/Turf 
Algae    
Fil./Turf 19.00 19.00 10.00 
    
    
    
Non-Living Substrate    
Sand 56.00 9.00 48.00 
Rock 33.00 53.00 125.00 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
80  
           Chemuyil 35m 1988   
     
 Line 1 Line 2 Line 3 Line 4 
Coral     
P. asteroides 0.00 1.00 0.00 0.00 
S. siderea 1.00 4.00 0.00 0.00 
M. cavernosa 0.00 2.00 18.00 2.00 
A. agaricites 3.00 0.00 3.00 8.00 
M. meandrites 0.00 0.00 1.00 0.00 
A. tenuifolia 0.00 0.00 18.00 0.00 
A. lamarcki 3.00 0.00 0.00 0.00 
M. areolata 1.00 0.00 0.00 0.00 
     
     
Gorgonians     
E. mammosa 0.00 1.00 0.00 2.00 
M. muricata 8.00 0.00 1.00 0.00 
P. americana 3.00 8.00 0.00 7.00 
     
     
Sponges     
E. ferox 0.00 0.00 2.00 0.00 
     
     
Macroalgae     
Dictyota 2.00 0.00 0.00 0.00 
L. variegata 9.00 11.00 5.00 2.00 
Udotea 5.00 0.00 7.00 0.00 
Caulerpa 1.00 23.00 14.00 0.00 
Penicilis 1.00 11.00 5.00 0.00 
Valonia 1.00 0.00 0.00 0.00 
     
     
Calcareous Algae     
Halimeda 14.00 7.00 3.00 1.00 
     
     
Filamentous/Turf 
Algae     
Fil./Turf 30.00 48.00 13.00 2.00 
     
     
Non-Living Substrate     
Sand 130.00 103.00 157.00 54.00 
Rock 18.00 57.00 22.00 5.00 
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Appendix C.  Species and their occurrence (points) for each 10m photographed line 
at their respective depths at Akumal in 2005. 
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Akumal 30m 
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Appendix D.  Species and their occurrence (points) for each 10m photographed line 
at their respective depths at Chemuyil in 2005. 
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Akumal 5m
Line 2 Line 3 Line 4
81
10m photographed line
Line 5Line 0
Coral
P. asteroides
P. porites
S. siderea
D. strigosa
A. agaricites
D. stokesii
A. tenuifolia
D. labyrinthiformis
C. natans
Gorgonians
P. flexuosa
P. bipinnata
G. flabellum
G, ventalina
P. homomalla
B. asbestinium
Mecroelgee
Dictyota
S. hypnoides
S. zonale
Erect Coralline Algae
Erect Cor.
Celcereous Algae
Halimeda
Crustose Coralline Ngne
C.C. Red
C.C. Purple
C.C. Green
Filamentous/Tu rf Algae
Fil./Turf
Non-Living Substrate
Sand
Rock
Line I
6.00
0.00
9.00
r.00
0.00
0.00
0.00
0.00
0.00
0.00
7.00
0.00
4.00
2.00
0.00
r.00
0.00
6.00
5.00
0.00
2.00
0.00
19.00
4.00
0.00
0.00
0.00
1.00
0.00
0.00
4.00
0.00
0.00
0.00
1.00
0.00
0.00
1.00
6.00
0.00
6.00
l .00
6.00
10.00
0.00
0.00
2.00
0.00
1.00
0.00
1.00
r4.00
0.00
0.00
0.00
0.00
0.00
0.00
4.00
9.00
r3.00
1.00
3.00
7.00
1.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
r.00
0.00
0.00
1.00
1.00
0.00
0.00
L00
21.00
12.00
4.00
198.00
5.00
l1.00
5.00
0.00
15.00
0.00
0.00
1.00
r.00
0.00
0.00
2.00
1.00
0.00
r.00
0.00
0.00
0.00
0.00
2.00
4.00
r.00
13.00
21.00
0.00
0.00
r 5.00
3.00
0.00
14.00
6.00
1.00
0.00
0.00
0.00
0.00
0.00
4.00
0.00
0.00
0.00
0.00
0.00
1.00
0.00
4.00
2.00
6.00
r0.00
3.00
208.00
0.00
6.00
6.00
14.00
5.00
127.00
58.00
r2.00
3.00
5.00
8.00
r89.00
22.0Q
4.00
1.00
8.00
r 1.00
7.00
175.00
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Akumal l2m
Line 2 Line 3Line 0
Coral
M. annularis
M. franksi
P. asteroides
M. faveolata
P. porites
M. decatus
S. siderea
D. strigosa
A. cervicornis
M. cavemosa
A. humilis
M. pharensis
A. agaricites
D. stokesii
Gorgonians
P. flexuosa
P. bipinnata
G. flabellum
G. ventalina
L. miniata
Pseudoplexaura sp.
Sponges
C. podatypa
A. cauliformis
C. delitrix
Macroelgee
Dictyota
L. variegata
S. hypnoides
G. pusillum
f,rect Corallinc Algae
Erect Cor.
Calcareous Algae
Halimeda
Crustose Coralline Algae
C.C. Red
C.C. Purple
FilamentouVTurf Algae
Fil./Turf
Non-Living Substrate
Sand
Rock
Line I
5.00
1.00
18.00
2.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
12.00
23.W
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
3.00
7.00
6.00
0.00
71.00
75.00
16.00
9.00
0.00
0.00
0.00
r.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
8.00
1.00
1.00
0.00
0.00
5.00
0.00
0.00
8.00
L00
0.00
0.00
2.00
4.00
10.00
0.00
2r 1.00
7.00
0.00
47.00
0.00
1.00
0.00
0.00
1.00
6.00
4.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
21.00
2.00
0.00
0.00
0.00
0.00
0.00
0.00
3.00
0.00
0.00
0.00
1.00
3.00
1.00
1.00
|42.40
12.00
1t.00
Line 4
18.00
2l .00
0.00
0.00
0.00
0.00
0.00
0.00
3.00
4.00
0.00
0.00
0.00
0.00
0.00
13.00
3.00
0.00
3.00
0.00
0.00
1.00
0.00
8.00
1.00
3.00
0.00
0.00
5.00
I1.00
2.00
100.00
30.00
20.00
0.00
0.00
0.00
0.00
0.00
0.00
4.00
0.00
6.00
0.00
3.00
0.00
0.00
0.00
0.00
38.00
0.00
0.00
0.00
0.00
0.00
0.00
2.00
1.00
0.00
3.00
1.00
0.00
3.00
15.00
2.00
154.00
23.00
6.00
6.00
0.00
0.00
0.00
0.00
0.00
0.00
l .00
7.00
1.00
r.00
3.00
0.00
0.00
0.00
23.00
1t.00
0.00
0.00
4.00
0.00
0.00
1.00
8.00
0.00
0.00
r.00
0.00
3.00
2.00
2.00
139.00
28.00
r 5.00
39.00
0.00
0.00
0.00
0.00
0.00
16.00
0.00
3.00
0.00
0.00
0.00
1.00
3.00
0.00
24.00
0.00
0.00
0.00
1.00
0.00
0.00
0.00
7.00
0.00
0.00
0.00
1.00
1.00
0.00
1.00
4l .00
21.00
9.00
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Akumal 20m
Line 3 Line 5
25.00
0.00
4.00
22.00
4.00
0.00
0.00
2.00
2.00
2.00
0.00
0.00
0.00
0.00
0.00
1.00
5.00
0.00
0.00
1.00
0.00
0.00
0.00
0.00
1.00
r.00
0.00
14.00
46.00
0.00
0.00
1.00
5.00
20.00
3.00
7.00
0.00
19.00
2.00
35.00
Line 6
22.00
6.00
5.00
5.00
5.00
5.00
3.00
0.00
r0.00
0.00
2.00
0.00
7.00
0.00
0.00
2.00
0.00
0.00
0.00
1.00
0.00
4.00
0.00
1.00
0.00
0.00
r.00
r6.00
42.00
3.00
0.00
0.00
5.00
15.00
6.00
3.00
0.00
50.00
t.00
21.00
Line 4
Coral
M. annularis
M. franksi
P. asteroides
M. faveolata
P. porites
S. siderea
A. cervicornis
M. cavemosa
A. agaricites
M. meandrites
A. tenuifolia
C. natans
Gorgonians
P. bipinnata
G. flabellum
Pseudoplexaura sp.
E. mammosa
E. calyculata
Sponges
C. podatypa
A. cauliformis
C. delitrix
N. erecta
A. varians
D. megastellata
S. coralliphagum
l. strobilina
Diplastrella sp.
M. laevis
Mrcroelgee
Dictyota
L. variegata
Udotea
R. phoenix
Erect Corelline Algoe
Erect Cor.
Celcareous Algae
Halimeda
Crustose Cordline'Algae
C.C. Red
C.C. Purple
C.C. Green
C.C. Brown
Filamentous/Turf Algae
Fil./Turf
Non-Living Substrete
Sand
Rock
6.00
9.00
3.00
8.00
l .00
0.00
r.00
0.00
4.00
0.00
0.00
5.00
14.00
0.00
6.00
1.00
0.00
0.00
0.00
0.00
1.00
0.00
0.00
0.00
0.00
0.00
0.00
46.00
47.00
1.00
0.00
2.00
6.00
31.00
5.00
4.00
0.00
36.00
t.00
32.00
2.00
1.00
0.00
14.00
2.00
0.00
3.00
0.00
7.00
0.00
0.00
0.00
27.00
2.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
9.00
0.00
0.00
0.00
0.00
0.00
31.00
57.00
0.00
0.00
0.00
5.00
8.00
3.00
1.00
1.00
59.00
2.00
27.00
r.00
7.00
0.00
5.00
3.00
0.00
0.00
0.00
2.00
0.00
0.00
l .00
5.00
0.00
0.00
0.00
0.00
0.00
4.00
0.00
0.00
0.00
1.00
1.00
0.00
0.00
0.00
64.00
55.00
0.00
0.00
0.00
6.00
l.00
4.00
0.00
0.00
40.00
t.00
32.00
r.00
10.00
3.00
10.00
2.00
0.00
4.00
0.00
6.00
0.00
0.00
0.00
7.00
0.00
0.00
6.00
0.00
1.00
0.00
4.00
0.00
0.00
0.00
2.00
0.00
0.00
0.00
,[4.00
45.00
3.00
1.00
0.00
8.00
2 r.00
6.00
5.00
0.00
19.00
3.00
50.00
8.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
6.00
0.00
0.00
0.00
0.00
0.00
7.00
r9.00
0.00
0.00
0.00
2.00
1.00
1.00
r.00
0.00
r2.00
0.00
6.00
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Akumal 25m
Line 0
Coral
M. annularis
M. franksi
P. asteroides
M. faveolata
P. porites
S. siderea
A. cervicomis
M. cavemosa
A. agaricites
M. meandrites
A. tenuifolia
C. natans
M. formosa
A. lamarcki
P. colonensis
Gorgonians
P. bipinnata
G. flabellum
G. ventalina
E. mammosa
E. calyculata
B. asbestinium
Sponges
A. cauliformis
C. delitrix
N. erecta
A. varians
L strobilina
L schrammi
Cinachyra sp.
Macroalgac
Dictyota
L. variegata
Udotea
S. hystrix
S. zonale
Erect Coralline Algee
Erect Cor.
Cdcareous Algae
Halimeda
Crustos€ Corelline Algre
C.C. Red
C.C. Purple
C.C. Green
C.C. Orange
Filame ntous/Turf Algae
Fil./Turf
Non-Living Substrate
Sand
Rock
Line l
r9.00
0.00
1.00
31.00
0.00
0.00
0.00
3.00
I 1.00
0.00
0.00
0.00
0.00
0.00
0.00
29.00
3.00
0.00
1.00
0.00
t.00
l.00
t.00
0.00
0.00
1.00
0.00
0.00
1.00
34.00
r.00
0.00
0.00
2.00
6.00
17.00
3.00
1.00
0.00
3 r.00
0.00
l1.00
Line 2
32.00
7.00
0.00
r2.00
4.00
1.00
I "00
3.00
l1.00
0.00
0.00
0.00
0.00
0.00
0.00
r9.00
3.00
1.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
62.00
0.00
0.00
0.00
2.00
3.00
25.00
7.00
2.00
0.00
42.00
2.00
8.00
Line 3
0.00
40.00
5.00
r4.00
0.00
0.00
0.00
0.00
13.00
0.00
0.00
1.00
2.00
0.00
0.00
23.00
6.00
0.00
6.00
0.00
4.00
r.00
3.00
0.00
4.00
0.00
4.00
0.00
0.00
56.00
l.00
r.00
0.00
1.00
2.00
20.00
0.00
5.00
0.00
45.00
2.00
5.00
Line 5
3.00
8.00
3.00
11.00
0.00
0.00
3.00
2.00
r7.00
0.00
0.00
1.00
0.00
10.00
0.00
17.00
1.00
0.00
7.00
2.00
1.00
0.00
3.00
9.00
5.00
0.00
8.00
0.00
4.00
38.00
r.00
0.00
1.00
0.00
9.00
4.00
r.00
r.00
0.00
86.00
5.00
1.00
1.00
23.00
3.00
25.00
0.00
0.00
0.00
0.00
r0.00
3.00
3.00
0.00
0.00
0.00
3.00
2r.00
r.00
0.00
3.00
0.00
7.00
0.00
1.00
0.00
0.00
0.00
0.00
r.00
0.00
57.00
4.00
0.00
r.00
2.00
2.00
r0.00
3.00
4.00
3.00
57.00
l .00
5.00
2.00
1.00
r.00
t7.00
2.00
2.00
0.00
0.00
3.00
0.00
0.00
0.00
0.00
0.00
0.00
t3.00
0.00
0.00
0.00
0.00
1.00
1.00
0.00
0.00
0.00
3.00
0.00
0.00
r.00
55.00
2.00
0.00
7.00
3.00
4.00
5.00
0.00
2.W
0.00
81.00
5.00
2.00
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Akumal 30m
Line 0
Coral
M. annularis
M. franksi
P. asteroides
M. faveolata
P. porites
S. siderea
M. cavernosa
A. agaricites
M. meandrites
A. tenuifolia
M. barbadensis
A. fragilis
Gorgonians
P. bipinnata
E. mammosa
E. calyculata
B. asbestinium
Sponges
C. podatypa
A. cauliformis
C. delitrix
A. varians
S. coralliphagum
A. compressa
A. archeri
Macroalgae
Dictyota
L. variegata
Udotea
S. hystrix
S. zonale
Erect Coralline Algae
Erect Cor.
Calcareous Algae
Halimeda
Crustose Coralline Algae
C.C. Red
C.C. Purple
C.C. Green
Filamentous/Turf Algae
Fil./Turf
Non-Living Substrate
Sand
Rock
Line I
5.00
2.00
0.00
5.00
0.00
2.00
6.00
r 0.00
0.00
0.00
0.00
0.00
30.00
0.00
3.00
0.00
0.00
0.00
3.00
3.00
0.00
2.00
0.00
1.00
15.00
0.00
0.00
0.00
r.00
r.00
1.00
0.00
2.00
126.00
r2.00
20.00
Line 2
0.00
0.00
0.00
r 5.00
0.00
3.00
3.00
17.00
2.00
0.00
0.00
0.00
45.00
0.00
0.00
0.00
0.00
3.00
2.00
2.00
0.00
0.00
0.00
0.00
27.00
1.00
0.00
0.00
0.00
0.00
10.00
3.00
0.00
99.00
8.00
5.00
Line 3
3.00
0.00
1.00
4.00
0.00
0.00
1.00
5.00
0.00
0.00
2.00
0.00
19.00
0.00
0.00
6.00
2.00
1.00
0.00
r 1.00
4.00
5.00
0.00
0.00
21.00
1.00
0.00
2.00
0.00
0.00
9.00
0.00
6.00
r2r.00
3.00
5.00
Line 4
1.00
1.00
0.00
1.00
0.00
0.00
5.00
9.00
0.00
0.00
1.00
1.00
12.00
5.00
0.00
4.00
0.00
3.00
0.00
2.00
1.00
0.00
0.00
1.00
2',7.00
1.00
0.00
0.00
0.00
1.00
8.00
2.00
0.00
r 34.00
3.00
4.00
Line 5
1.00
1.00
0.00
0.00
0.00
l.00
2.00
15.00
0.00
t.00
1.00
0.00
29.00
5.00
0.00
3.00
0.00
2.00
0.00
3.00
1.00
0.00
0.00
0.00
40.00
5.00
1.00
2.00
3.00
2.00
25.00
6.00
3.00
82.00
6.00
1 1.00
Line 6
10.00
0.00
0.00
r 6.00
0.00
0.00
0.00
4.00
0.00
0.00
1.00
0.00
26.00
4.00
0.00
1.00
1.00
2.00
0.00
0.00
0.00
0.00
0.00
0.00
22.00
1.00
0.00
0.00
0.00
3.00
8.00
3.00
1.00
104.00
3 r .00
13.00
6.00
0.00
0.00
1.00
2.00
1.00
2.00
4.00
3.00
0.00
0.00
0.00
3.00
6.00
4.00
0.00
0.00
1.00
0.00
0.00
r.00
0.00
2.00
0.00
14.00
0.00
0.00
0.00
0.00
0.00
5.00
1.00
0.00
73.00
r.00
3.00
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Appendix D. Species and
at their respective depths
their occurrence (points) for each
at Chemuvil in 2005.
10m photographed line
Line 0
Coral
M. annularis
P. asteroides
S. siderea
D. strigosa
A. cervicornis
M. cavernosa
A. agaricites
D. stokesii
Gorgonians
P. bipinnata
G. flabellum
G. ventalina
E. mammosa
E. fusca
Sponges
C. podatypa
A. varians
S. coralliphagum
Mecroalgae
Dictyota
L. variegata
S. hlpnoides
Udotea
S. zonale
Erect Coralline Algae
Erect Cor.
Calcereous Algae
Halimeda
Crustose Coralline Algae
C.C. Red
C.C. Purple
C.C. Green
C.C. Black
Filamentous/Turf Algae
Fil./Turf
Line I
0.00
0.00
4.00
0.00
0.00
0.00
1.00
0.00
I 1.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
1.00
0.00
2.00
5.00
L00
5.00
22.00
2.00
0.00
194.00
Line 2
1.00
0.00
12.00
0.00
1.00
0.00
0.00
0.00
3.00
9.00
0.00
0.00
0.00
0.00
0.00
0.00
1.00
0.00
0.00
0.00
0.00
3.00
2.00
r.00
r 8.00
7.00
0.00
t97.00
Chemuyil 5m
Line 3
0.00
L00
10.00
5.00
1.00
0.00
r.00
0.00
9.00
3.00
1.00
0.00
0.00
3.00
0.00
0.00
0.00
0.00
0.00
1.00
0.00
7.00
0.00
2.00
30.00
7.00
0.00
159.00
Line 4
2.00
1.00
14.00
4.00
2.00
0.00
1.00
1.00
5.00
7.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
2.00
3.00
1.00
0.00
12.00
3.00
0.00
2 r 0.00
Line 5
0.00
r.00
27.00
0.00
0.00
2.00
0.00
0.00
16.00
0.00
0.00
0.00
0.00
0.00
0.00
2.00
0.00
l .00
2.00
0.00
8.00
6.00
0,00
3.00
5.00
I 1.00
r 3.00
l58.00
Line 6
0.00
4.00
20.00
0.00
0.00
0.00
t.00
3.00
4.00
3.00
r.00
1.00
1.00
r.00
1.00
0.00
0.00
0.00
1.00
0.00
L00
8.00
2.00
4.00
3.00
r2.00
0.00
r 60.00
0.00
0.00
6.00
0.00
3.00
0.00
0.00
r.00
5.00
5.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
1.00
0.00
6.00
4.00
0.00
3.00
1.00
5.00
14.00
98.00
Non-Living Substrate
Sand
Rock
12.00
8.00
0.00
I 1.00
2.00
r 5.00
0.00
0.00
4.00
5.00
r .00
9.00
0.00
l5.00
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Chemuyil 12m
Line 0
Corel
M. annularis
M. franksi
P. asteroides
M. faveolata
P. porites
S. siderea
D. strigosa
A. cervicornis
M. cavernosa
A. humilis
A. agaricites
D. stokesii
M. meandrites
A. tenuifolia
P. furcata
D. labyrinthiformis
Gorgonians
P. flexuosa
P. bipinnata
G. flabellum
G. ventalina
E. succinea
P. homomalla
E. mammosa
E. calyculata
Sponges
C. delitrix
Mecroalgae
Dictyota
Udotea
Erect Coralline Algae
Erect Cor.
Calcareous Algae
Halimeda
Crustose Coralline Algae
C.C. Red
C.C. Purple
Filamentous/Turf Algee
Fil./Turf
Non-Living Substrate
Sand
Rock
Line I
8.00
4.00
1.00
0.00
2.00
2.00
0.00
4.00
t.00
3.00
2.00
0.00
2.00
0.00
0.00
0.00
0.00
26.00
9.00
0.00
0.00
0.00
0.00
0.00
0.00
25.00
0.00
5.00
3.00
6.00
3.00
79.00
46.00
27.00
Line 2 Line 3
3.00
0.00
0.00
13.00
1.00
6.00
0.00
2.00
3.00
0.00
1.00
0.00
0.00
7.00
t.00
0.00
0.00
26.00
2.00
0.00
0.00
0.00
0.00
0.00
1.00
19.00
r.00
8.00
4.00
2.00
2.00
103.00
33.00
6.00
0.00
0.00
r0.00
r.00
4.00
1.00
0.00
0.00
0.00
0.00
3.00
1.00
0.00
0.00
0.00
0.00
0.00
20.00
0.00
0.00
7.00
4.00
0.00
0.00
0.00
11.00
0.00
7.00
0.00
2.00
2.00
l r6.00
53.00
6.00
1.00
4.00
3.00
r.00
0.00
0.00
3.00
5.00
2.00
0.00
2.00
r.00
0.00
0.00
0.00
0,00
0.00
38.00
0.00
0.00
0.00
0.00
2.00
0.00
0.00
24.N
1.00
2.00
5.00
0.00
4.00
97.00
68.00
t0.00
0.00
1.00
0.00
0.00
0.00
1.00
2.00
0.00
2.00
0.00
2.00
0.00
0.00
0.00
0.00
0.00
0.00
20.00
7.00
1.00
2.00
2.00
0.00
0.00
0.00
39.00
0.00
3.00
2.00
0.00
3.00
120.00
54.00
5.00
22.00
0.00
0.00
0.00
0.00
1.00
0.00
7.00
3.00
0.00
r0.00
0.00
0.00
0.00
0.00
5.00
6.00
27.W
1.00
0.00
2.00
0.00
1.00
2.00
0.00
14.00
0.00
2.00
2.00
1.00
0.00
l r7.00
44.00
4.00
6.00
0.00
6.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
2.00
0.00
0.00
0.00
0.00
2.00
0.00
7.00
1.00
0.00
0.00
0.00
0.00
0.00
0.00
8.00
0.00
r.00
0.00
0.00
1.00
92.00
23.00
0.00
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Chemuyil l5m
Line 0
Coral
M. annularis
M. franksi
P. asteroides
M. faveolata
P. porites
S. siderea
A. cervicornis
A. agaricites
D. stokesii
M. meandrites
A. tenuifolia
C. natans
Gorgonians
P. bipirurata
G. flabellum
E. mammosa
E. caribaeorum
B. asbestinium
Sponges
C. podatypa
C. delitrix
S. coralliphagum
I. strobilina
A. fistularis
E. ferox
N. nudicollis
Mrcroalgae
Dictyota
L. variegata
Udotea
S. hystrix
Erect Corelline Algae
Erect Cor.
Calcareous Algee
Halimeda
Crustose Coralline Algee
C.C. Red
C.C. Purple
C.C. Green
C.C. Orange
Filementous/Turf Ngae
Fil./Turf
Non-Living Substrete
Sand
Rock
Line I
1.00
0.00
3.00
3.00
6.00
0.00
2.00
0.00
0.00
0.00
0.00
0.00
8.00
0.00
5.00
0.00
0.00
0.00
1.00
0.00
3.00
1.00
0.00
0.00
l1.00
30.00
0.00
1.00
0.00
5.00
22.W
7.00
12.00
0.00
82.00
1.00
17.00
Line 4
0.00
0.00
0.00
12.00
9.00
0.00
1.00
3.00
0.00
0.00
0.00
3.00
9.00
1.00
0.00
0.00
0.00
1.00
r.00
0.00
1.00
0.00
0.00
0.00
15.00
24.00
0.00
0.00
1.00
I1.00
26.00
7.00
9.00
0.00
32.00
5.00
34.00
0.00
0.00
3.00
r9.00
2.00
0.00
2.00
7.00
0.00
0.00
0.00
0.00
8.00
5.00
0.00
0.00
0.00
0.00
0.00
0.00
2.00
0.00
1.00
0.00
9.00
51.00
0.00
2.00
0.00
3.00
20.00
t3.00
7.00
0.00
32.00
3.00
21.00
0.00
0.00
8.00
r.00
4.00
0.00
0.00
3.00
2.00
0.00
5.00
15.00
r7.00
10.00
2.00
0.00
L00
9.00
2.00
0.00
0.00
0.00
0.00
1.00
23.00
37.00
0.00
1.00
3.00
9.00
16.00
4.00
2.00
0.00
33.00
t.00
29.00
12.00
2.00
8.00
0.00
6.00
0.00
0.00
7.00
0.00
0.00
0.00
0.00
4.00
0.00
I1.00
2.00
0.00
6.00
0.00
0.00
0.00
0.00
0.00
0.00
19.00
22.00
0.00
0.00
3.00
2.00
16.00
4.00
1.00
1.00
55.00
3.00
16.00
2.00
2.00
7.00
|.00
3.00
1.00
0.00
13.00
0.00
4.00
8.00
0.00
10.00
1.00
3.00
1.00
2.00
9.00
r.00
2.00
0.00
0.00
0.00
0.00
13.00
24.00
2.00
0.00
1.00
5.00
10.00
10.00
1.00
0.00
8r.00
4.00
22.00
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Line 0 Line I
r 7.00
0,00
0.00
23.00
3.00
0.00
0.00
2.00
4.00
6.00
0.00
0.00
0.00
1.00
0.00
0.00
11.00
0.00
0.00
5.00
0.00
0.00
2.00
3.00
0.00
0.00
0.00
0.00
1.00
0.00
0.00
0.00
1.00
0.00
0.00
35.00
0.00
6.00
0.00
0.00
4.00
0.00
14.00
2.00
0.00
r.00
53.00
1.00
4.00
Chemuyil 35m
Line 3 Line 4
14.00 3.00
0.00 3t.00
r.00 0.00
11.00 20.00
0.00 0.00
0.00 0.00
7.00 0.00
9.00 0.00
3.00 0.00
0.00 0.00
0.00 8.00
0.00 0.00
1.00 t.00
0.00 0.00
0.00 0.00
0.00 12.00
| 6.00 27 .00
0.00 0.00
0.00 2.00
0.00 0.00
0.00 0.00
0.00 4.00
0.00 0.00
7.00 16.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 3.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 1.00
0.00 0.00
r.00 0.00
0.00 t.00
47.00 42.W
0.00 4.00
8.00 2.00
2.00 0.00
0.00 0.00
2.00 1.00
3.00 3.00
7.00 11.00
0.00 0.00
0.00 0.00
0.00 t.00
63.00 44.00
r 8.00 15,00
0.00 5.00
Conl
M. annularis
M. franksi
P. asteroides
M. faveolata
P. porites
S. siderea
A. cervicomis
M. cavernosa
A. agaricites
A. tenuifolia
C. natans
M. fonnosa
A. larnarcki
S. hayades
D. clivosa
S. michilinii
Gorgonirns
P. bipinnata
E. calyculata
B. asbestinium
M. pinnata
M. laxa
P. acerosa
L. virgulata
Spongcs
C. podatlpa
A. cauliformis
C. delitrix
N. cr€cta
S. corallipbagum
Diplastrclla sp.
A. fistularis
E. ferox
N. digitdis
P. amaranthus
A. clathrodes
Mrcrnr[re
Dictyota
L. varicgata
Udotea
S. zonale
P. glmnospora
U. fasciata
Erect Conlline Algae
Erect Cor.
Celcereous Alee
Halimeda
Crustose Conlline A[ee
C.C. Red
C.C. Purple
C.C. Grcen
C.C. Brown
Filamentous/Turf Algee
Fil./Turf
Non-Living Substrete
Sand
Rock
15.00
0.00
0.00
23.00
0.00
3.00
5.00
1.00
t0.00
0.00
r3.00
1.00
0.00
0.00
3.00
0.00
26.00
14.00
0.00
0.00
4.00
0.00
0.00
3.00
1.00
0.00
6.00
t.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
46.00
3.00
1.00
r.00
1.00
1.00
2.00
17.00
0.00
0.00
r.00
12.00
t6.00
0.00
1.00
21.00
0.00
r2.00
0.00
0.00
6.00
0.00
t.00
0.00
10.00
0.00
s.00
0.00
0.00
0.00
16.00
0.00
0.00
0.00
0.00
0.00
0.00
7.00
1.00
1.00
0.00
0.00
0.00
2.00
1.00
0.00
9.00
0.00
0.00
4l.00
5.00
2.00
0.00
0.00
2.00
6.00
22.00
0.00
2.00
2.00
62.00
7.00
9.00
